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Andrew David Leighton, Benthic foraminiferal change and depositional history 
across the Cretaceous – Paleogene (K/Pg) boundary in the Brazos River area, Texas. 
 
The Cretaceous–Paleogene (K/Pg) boundary marks one of the major crises in the 
history of life on Earth. The cause is widely regarded as a large bolide impact at 
Chicxulub, Mexico, coincident with a major series of volcanic eruptions on the Deccan 
Plateau, India. Fieldwork in the Brazos River area of Texas has involved an 
investigation of the sections on the Brazos River and its tributaries. A previously 
overlooked K/Pg section (RBS) on the Brazos River was found and contains the most 
accessible and complete K/Pg boundary succession in the area. The RBS succession 
provides a clear exposure of the various lithological units within the Paleocene and was 
used to correlate to the successions in the nearby creeks. The K/Pg boundary is also 
well-exposed and records an erosional relief of ~1 m, cut into the Maastrichtian 
mudstone succession, creating a mounded topography. The overlying ‘Event Bed’, 
containing reworked impact spherules at its base, is shown to infill troughs on this 
irregular surface. The same features were recorded in tributary creeks, with all previous 
descriptions of these locations clearly failing to recognise the various sedimentary 
relationships. 
 
Distinct, thin, yellow clay horizons within the uppermost Maastrichtian mudstones are 
present in some sections. Geochemical analysis and radiometric dating have confirmed 
these as volcanic ashes, with extracted zircons giving a date of 65.95+0.04 Ma. These 
ash bands are located in Maastrichtian mudstones just below the K/Pg boundary and the 
recorded date is, within error, that of the K/Pg boundary. This identification of this 
latest Maastrichtian volcanic ash negates the suggestion of a pre-K/Pg boundary impact, 
a pre-extinction impact or multiple impacts. 
 
The benthic foraminiferal data generated indicates significant changes in palaeoecology 
of the benthic foraminifera across the K/Pg boundary. The benthic foraminifera do not 
experience a mass extinction, unlike the planktic foraminifera, which were significantly 
affected by the end-Maastrichtian extinction event. The benthic foraminferal 
assemblage appears to only experience transient, short-lived changes with pulses of 
agglutinated, elongate and large species in the early Paleocene. 
 
Mono-specific samples of Lenticulina rotulata have been analysed for stable isotopes 
and the data may indicate the presence cyclicity across the K/Pg boundary interval. In 
the earliest Paleocene significant negative δ18O excursions near the Pα/P1a and 
NP1/NP2 boundary represents a potential hyperthermal event that may be coeval with 
the DAN-C2 and Lower C29n events respectively recorded at Gubbio, and in the 
Atlantic Ocean. 
 
A sequence stratigraphy package is determined based on the micropaleontology and 
sedimentology in the Brazos River area. The latest Maastrichtian is marked by a sea-
level rise immediately before the K/Pg boundary. Immediately after the K/Pg event, sea-
level fell and is recorded as a change from mid to inner shelf. The condensed unit of the 
Middle Sandstone Bed (MSB) represents a Transgressive systems tract, with increasing 
diversity and abundance of benthic foraminifera to the top of the MSB, where 
maximum abundance and diversity is marks a Maximum Flooding Surface. The interval 
above indicates sea-level continuing to rise to a mid to outer-shelf setting. These sea-
level changes are also recorded at the same stratigraphic level in Alabama, and at more 
distal K/Pg boundary sections (e.g., Denmark and Tunisia) suggesting that these sea-
level changes are eustatically controlled. 
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FIGURE CAPTIONS 
CHAPTER 2 - BACKGROUND 
Figure 2.1. The historical type locality for the Maastricht Formation, best exposed 
currently in the ENCI-Heidelberg Cement Group Quarry near the town of 
Maastricht, The Netherlands. Photograph courtesy of M. B. Hart. 
Figure 2.2. Expanded Fiskeler Member of Kulstirenden, Stevns Klint. 1) Højerup 
Member, Maastrichtian chalks. 2) Fiskeler Member. 3) Cerithium 
Limestone Member, Danian Limestones. The K/Pg boundary is located 
between the Højerup Member and the Fiskeler Member on a rusty-coloured 
layer rich in pyrite and iridium, indicated by the dashed line. The exact 
boundary between the Fiskeler Member and the Cerithium Limestone 
Member is undefined and transitional, and as such is indicated with a dotted 
line. Stratigraphic subdivision after Surlyk et al. (2006). Photo taken from 
Leighton et al. (2009). 
Figure 2.3. Stratigraphy and geochemical signals from across the K/Pg boundary at the 
El Kef GSSP, Tunisia. Modified from Molina et al. (2006). 
Figure 2.4. Sepkoski (1992) genus level database. “Cambrian fauna” represented by 
blue, “Paleozoic fauna” represented by pink and “Modern fauna” 
represented by yellow. The five major mass extinctions of the Phaneozoic 
are also indicated. 1) end-Ordovician; 2) late Devonian (Frasnian); 3) end-
Permian; 4) end-Triassic; 5) K/Pg event. 
Figure 2.5. Thin, red clay separating two units of limestone at Gubbio, Italy. This 
section is close to the Bottaccace Gorge, known as the Contessa Highway 
section. Clay horizon being indicated by Prof. Hart. The white limestones 
on which Prof. Hart is kneeling are Maastrichtian in age, while the buff/pink 
limestones above the hammer are Danian in age. Photograph courtesy of M. 
B. Hart. 
Figure 2.6. Palaeogeographic map at the K/Pg boundary, 66 Ma. Key localities 
discussed within the text are indicated with a star, the Chicxulub impact site 
is indicated with a sun and the Deccan Traps are indicated with a volcano. 
Map modified from Culver (2003). 
Figure 2.7. Concentration of Ir, Co, Cu and Ni through core 1259C-8R-5 from 
Demerara Rise, plotted with biostratigraphical control. Taken from 
MacLeod et al. (2007). 
Figure 2.8. Thin section of the normal graded spherules from Demerara Rise on ODP 
Leg 207. Scale bar is ~1 cm. Photograph courtesy of P. Schulte.  
Figure 2.9. Slides from the Contessa Highway section in Northern Italy. On the left, the 
slide represents the uppermost Maastrichtian, 5cm below the K/Pg boundary, 
with large, ornamented planktic foraminifera. On the right, the slide 
represents the lowermost Danian, 5cm above the K/Pg boundary, with small, 
simplistic planktic foraminifera species dominating the assemblage.  
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CHAPTER 3 – GEOLOGICAL SETTING AND STRATIGRAPHY 
Figure 3.1. Palaeogeographical reconstruction of the Gulf of Mexico at the K/Pg 
boundary. Probable land mass is shown in yellow. The Chicxulub impact 
site is shown along with the Brazos locality as well as comparable 
localities in Alabama and Mississippi, indicated by the red stars, while 
Houston is marked with the blue cross. Modified from Gale (2006).  
Figure 3.2. Geological map of the Brazos River area in southern Texas. The study area, 
in and around the Brazos Rose Ranch, is highlighted within the black box. 
Within this box, the green shaded lithologies belong to the Navarro Group 
(Upper Cretaceous) while the brown shaded lithologies belong to the 
Kincaid Formation (Paleogene) and are separated by a red line indicating 
the regional K/Pg boundary position. The alluvium of the Brazos River is 
in yellow with the older (Pleistocene) terrace deposits in orange. 
Geological map taken from Bureau of Economic Geology, Geological 
Map of Texas, 1992, The University of Texas at Austin. 
Figure 3.3. Stratigraphic Framework for the outcrops at the Brazos River area. 
Terminology follows Keller (1989) and Yancey (1996). The age of the 
K/Pg boundary is set at 66 Ma as defined by the International 
Chronostratigraphic Chart 2012 by the ICS. 
Figure 3.4. Locality map of the Brazos River area with outcrops marked. 
Figure 3.5. View downstream at Cottonmouth Creek. Cottonmouth Creek is largely 
free of standing water and vegetation. 
Figure 3.6. Widest section of Cottonmouth Creek exposed immediately to the east of 
the farm track intersection. In this section, the ‘Event Bed’, including the 
HCS sandstone bodies, is exposed on the riverbed where the rucksacks are 
placed and has the most continuous succession of the earliest Danian in the 
Creek where Prof. Hart is situated. 
Figure 3.7. Waterfall section at Cottonmouth Creek. This section contains the volcanic 
ash bed which is approximately 60 cm below the ‘Event Bed’ behind Prof. 
Hart. The waterfall is formed by the large ‘Event Bed’ sandstone body that 
overhangs the underlying Cretaceous sediments, on which Prof. Hart is 
standing. The uppermost Maastrichtian mudstones appear to be ‘disturbed’ 
as can be seen in the centre of the photograph. 
Figure 3.8. Darting Minnow Creek waterfall. This exposure is the most, if not only, 
exposure to be regularly visited in Darting Minnow Creek. The waterfall 
exposes an enlarged ‘Event Bed’ succession compared to Cottonmouth 
Creek and other sections in the Brazos River area. The 30 cm ruler to the 
right of the waterfall provides a scale. 
Figure 3.9. View downstream in Darting Minnow Creek. Although this part of the 
section is relatively free of vegetation, much of the creek is overgrown and 
contains a large amount of free flowing and standing water. Shovel 
provides a scale. 
Figure 3.10. Top of ‘Event Bed’ exposed in Brazos River bed at low water south of the 
Highway 413 Bridge in the Riverbank 4-5 area. Photograph taken in 
October 2012. 
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Figure 3.11. Riverbank North exposures north of the Highway 413 Bridge. These 
exposure were first discovered during the 2010 field season by ADL and 
MBH. Exposed in this 2-3 section of Cretaceous dark mudstones is a thin 
yellow/orange volcanic ash horizon, indicated by the scale bar in the 
picture. 
Figure 3.12. Volcanic ash exposed in the Riverbank North section in the dark 
Cretaceous mudstones. 
Figure 3.13. Upstream of this exposure of a volcanic ash near the Highway 413 bridge, 
the Maastrichtian succession is exposed on the river bed, near a small 
island. A fine sandstone bed, within the Maastrichtian, crosses the main 
Brazos River following the NE-SW strike direction (pictured). 
Figure 3.14. View of the Riverbank South section from across the Brazos River from 
the eastern bank. The section is near continuous and covers the entire 
length of the river bank between the mouth of Cottonmouth Creek to the 
north and the mouth of Darting Minnow Creek to the south.  
Figure 3.15. All the sedimentological features deduced from the creek, core and other 
riverbank sections are exposed clearly at Riverbank South. Prof. Hart 
provides the scale. 
 
CHAPTER 4 – METHODS 
Figure 4.1. Flowchart for planispiral rounded species such as Robulus, Planularia and 
Lenticulina to aid identification based on their distinguishing features. 
Figure 4.2. Flowchart for agglutinated rounded species such as Ammobaculites, 
Trochammina and Haplophragmoides to aid identification based on their 
distinguishing features. Scanned in black and white drawings taken from 
Cushman (1946). 
 
CHAPTER 6 - SEDIMENTOLOGY 
Figure 6.1. Composite log of outcrops in the Brazos River area based on field 
observations of creek and riverbank exposures. K/Pg boundary placement 
based on the definition of the ICS and Molina et al., (2006). Abbreviations 
after Yancey (1996); HCS, Hummocky Cross Bedded Sandstones; LCH, 
Lower Concretion Horizon; MSB, Middle Sandstone Bed; DSB, Dirty 
Sandstone Bed; UCH, Upper Concretion Horizon; RPH, Rusty Pyrite 
Horizon. 
Figure 6.2. The ‘Spherule Bed’ in the Riverbank south section. The K/Pg boundary 
(orange dashed line) separates the dark Maastrichtian mudstones from the 
orange clay-rich, horizon which contains the reworked Chicxulub 
spherules, while the contact with the overlying sandstones is marked with 
the white dashed line. Scale bar ~30 cm. 
Figure 6.3. ‘Event Bed’ at Riverbank South approximately 10 metres south from Figure 
6.2. At this location, the shell lag (with spherules) is completely absent and 
HCS sandstones belonging to the earliest Paleogene rest directly upon dark 
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Maastrichtian mudstones. The K/Pg boundary is located at the top of the 
dark mudstones. 30 cm ruler for scale.  
Figure 6.4. Lower Concretion Horizon (LCH) marked out by the red arrow above the 
ruler (30 cm) by a sub-horizontal horizon of “cement stone” nodules and 
Thalassinoides burrows. The ruler sits just above the ‘Event Bed’ here at 
Riverbank South with ~50 cm between the cap of the ‘Event Bed’ and the 
LCH at this locality.  
Figure 6.5. Well developed ‘Middle Sandstone Bed’ (MSB) and ‘Dirty Sandstone Bed’ 
(DSB), exposed at Darting Minnow Creek. The shovel rests upon the LCH 
horizon, which is visible at the waterline. The shovel covers the 
stratigraphic interval of the MSB which is capped by the better cemented 
and prominent DSB above the shovel handle.  
Figure 6.6. Large Thalassinoides burrow that helps mark out the Upper Concretion 
Horizon (UCH) in the section at Riverbank South near the former Brazos-
2 location. 30 cm ruler for scale.  
Figure 6.7. UCH horizon exposed on the creek bed of Cottonmouth Creek by the 
shovel. In the foreground (right), the Rusty Pyrite Horizon (RPH) is 
exposed within the black mudstones ~30 cm above the UCH at 
Cottonmouth Creek.  
Figure 6.8. The Upper Concretion Horizon (UCH) and Rusty Concretion Horizon (RPH) 
exposed on the side of Cottonmouth Creek. The UCH is the prominent 
calcareous light grey horizon at the base of the ruler (30 cm scale) while 
the RPH is exposed >30 cm above this horizon within dark mudstones.  
Figure 6.9. Satellite image of the Riverbank South (RBS) section. The prominent 
nodule horizons and sand horizons are clearly visible as flat lying sub-
horizontal horizons in the Brazos River bank. Image from Google Earth.  
Figure 6.10. Sedimentary log of the Riverbank South outcrop. The HCS sandstone 
body is exposed at 15 -53 cm, LCH at 90 – 110 cm, MSB at 160 – 210 cm, 
DSB at 255 – 285 cm, UCH at 315 – 350 cm and RPH at 370 – 380 cm. 
This is the only section where the entire stratigraphic succession is 
exposed without a gap.  
Figure 6.11. A) Photograph of RBS section from across the Brazos River. The nodule 
horizons can clearly be seen as well as the sandstone HCS body pinching 
out onto the Maastrichtian mudstones. B) Sketch of the photograph 
picking out all the marker horizons and the HCS sandstone pinching out. 
The ‘Spherule Bed’ is just seen above the water level. 
Figure 6.12. Prominent nodule horizons and sandstone bodies act as excellent markers 
on the riverbank side. Prof. Hart is pointing out the K/Pg boundary with 
the end of the shovel. The sandstone body pinches out at this point and 
dips into the river in the background (black rucksack is on bedding 
surface).  
Figure 6.13. Oyster spat exposed on the top of the Maastrichtian ‘high’ at Riverbank 
South. Prof. Yancey is sitting at the point where the sandstone body 
pinches out against the positive Maastrichtian feature and indicating the 
oysters (left). Close up image of the oyster colonisation (right).  
  Preface 
 
 
XIV 
Figure 6.14. Profiles from Riverbank South section of sandstone body pinching out. 
Top. Riverbank South section from locality where the sedimentary log was 
drawn. Here the HCS body pinches out and the oyster bed is exposed at 
the most positive area. The orange colour below represents the ‘Spherule 
Bed’ and is deposited in the more negative areas. Bottom. Profile for the 
more northern section of RBS which extends towards the former Brazos-2 
section. Note; the base of the HCS sandstone body is not seen in the lower 
profile due to vegetation and water levels so is represented by a dashed 
line.  
Figure 6.15. Medium sandstone horizon at RBS. Ripple packages seen within the 
sandstone body consist of climbing ripple and HCS packages. The 
sandstone is more weathered here due to its proximity to the river.  
Figure 6.16. Marker Horizons at RBS. The LCH is exposed at the base of the 
photograph, with the DSB and UCH at the top of the outcrop. The MSB is 
in between these units where the 30 cm ruler is placed. The pink-coloured 
fine sands near the ruler are part of a Neptunian dyke that brings 
Pliestocene material into the Paleocene succession from the overlying 
strata (just below the trees).  
Figure 6.17. Black Maastrichtian mudstones that dip gently towards the south (towards 
the Rt. 413 bridge in the background). Bedding can be picked out by the 
thin, orange coloured bentonite that is present from the base of the ruler 
and dips gently towards the waterline. 30 cm ruler for scale. 
Figure 6.18. Orange, weathered, clay rich horizon within the black Maastrichtian 
mudstones. This horizon is recorded as a bentonite, similar to that 
described at Cottonmouth Creek waterfall (see Keller et al., 2009).  
Figure 6.19. Mudstone conglomerate overlain by HCS sandstone horizon. The pick is 
resting upon the conglomerate horizon with large clasts of mudstone and 
siltstone exposed in the foreground.  
Figure 6.20. In situ Maastrichtian mudstone with the mudstone conglomerate missing. 
Above this is the ‘Event Bed’ with a package of HCS sandstones.  
Figure 6.21. Top of HCS sandstone horizon in the river bed section. Elongate, 
cylindrical burrows are evident throughout the top of this sandstone. 
Figure 6.22. Very large Thalassinoides bifurcating burrow system on top of HCS 
sandstone body, exposed in the river bed section.  
Figure 6.23. Thin sections from the HCS sandstone body at RB-1. A) Benthic 
formaminfera (Lenticulina sp.) with calcite overgrowth in a poorly sorted 
sand. B) Biserial planktic foraminifera (Heterohelix? sp.) within a muddy, 
poorly sorted matrix. C) Bivalve shell fragments and benthic foraminifera, 
some showing calcite overgrowth. D) Large planktic foraminifera 
(probably Rugoglobigerina sp.) in medium, well sorted sandstone. E) 
Bivalve fragments with calcite overgrowth in a ‘muddy’ sand matrix. F) 
Planktic foraminifera, biserial and ‘globular’ species, showing calcite 
overgrowth in poorly sorted matrix. All scale bars 100 μm.  
Figure 6.24. Thin section of HCS sandstone horizon at RB-4. A) Large, ‘globular’ 
planktic foraminifera (Rugoglobigerina sp.) and small biserial planktic 
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foraminiera (Heterohelix? sp.) with some calcite overgrowth within a 
poorly sorted, medium sandstone. B) Poorly sorted medium sandstone 
with angular clasts, mud clasts, bioclastic debris and glauconite grains. 
Scale bars are 100 μm.  
Figure 6.25. Sedimentary log of the ‘Event Bed’ at Cottonmouth Creek, CMC section. 
Figure 6.26. Sedimentary log of the unit overlying the HCS unit. Key on Figure 6.25. 
Figure 6.27. Sedimentary log further into the lowermost Paleocene at Cottonmouth 
Creek. Key on Figure 6.25. 
Figure 6.28. Sedimentary log for the MSB and DSB outcrops at Cottonmouth Creek. 
Key on Figure 6.25. 
Figure 6.29. Bentonite horizon exposed at Cottonmouth Creek Waterfall. The ‘Event 
Bed’ outcrops at the top of the photograph. Prof. Hart providing the scale. 
Figure 6.30. Contact between the Maastrichtian mudstones and the ‘Event Bed’ at 
Cottonmouth Creek Waterfall. The top of the ruler marks the contact with 
the dark Maastrichtian mudstones (below) and the base of the ‘Event Bed’. 
A small nodule horizon at the tip of the ruler marks the base of the ‘Event 
Bed’, above which is a series of HCS sandstones.  
Figure 6.31. Large ‘cement stone’ nodules are present at the base of the ‘Event Bed’ at 
Cottonmouth Creek. These nodules sit within the uppermost dark 
Maastrichtian mudstones at the base of the ‘Spherule Bed’, which is very 
thin and a rusty-brown colour: see right edge of photograph.  
Figure 6.32. Thin sections of ‘Spherule Bed’ at the CM-4 section. A) Reworked impact 
spherule from Chicxulub impact in lower section of image. Spherule 
completely replaced with calcite, spar texture. Centre of spherule may 
retain texture of original bubbles in glassy spherule. B) Large benthic 
foraminifera (Lenticulina sp.) with calcite overgrowth. Glauconite grains 
also present within the matrix. C) Benthic foraminifera (Robulus? sp.) and 
other bioclastic material in poorly sorted matrix. D) Benthic foraminifera 
(Lenticulina? sp.) and abundant quartz and glauconite grains in poorly 
sorted matrix. E) Vertebrae, probably from a fish in well cemented matrix 
along with glauconite grains. F) Vertebrae, probably from a fish, with 
calcite overgrowth in well cemented matrix along with glauconite grains. 
G) Large benthic foraminifera (Lenticulina sp.) with calcite overgrowth 
and other bioclastic debris in poorly sorted matrix. H) Cross section 
through vertebrae, probably from a fish, showing calcite overgrowth. Scale 
bars are 500 μm.  
Figure 6.33. Thin sections of thin sandstone bed at Cottonmouth Creek (CMC 15). A) 
Benthic foraminifera (Lenticulina sp.) and other bioclastic debris showing 
calcite overgrowth in a poorly sorted quartz and glauconite rich matrix. B) 
Poorly sorted sub-angular and sub-rounded quartz and glauconite grains 
with some larger rounded glauconite grains. C) Poorly sorted sub-angular 
and sub-rounded quartz and glauconite grains with some larger rounded 
pyroxene grains and benthic foraminifera showing calcite overgrowth. D) 
Large glauconite grains in a poorly sorted matrix of quartz, calcite and 
glauconite. All scale bars are 500 μm.  
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Figure 6.34. Thin section of sandstone bed from within the ‘Event Bed’ at Cottonmouth 
Creek (CMC 16). A) Large benthic foraminifera (Lenticulina sp.) in a well 
sorted, but muddy, matrix. Note the lack of calcite overgrowth that occurs 
in the lower horizons of the ‘Event Bed’. B) Small biserial planktic 
foraminifera (Heterohelix? sp.) in quartz rich sorted matrix. C) 
Moderately/well sorted sands with sub-angular grains of quartz and 
glauconite. Some bioclastic material (planktic and benthic foraminifera) 
present. D) Small biserial and globular planktic foraminifera in glauconite-
rich well sorted matrix. Again, note the lack of calcite overgrowth on these 
foraminifera. E) and F) Small planktic and benthic foraminifera in quartz 
and glauconite-rich well sorted matrix. Some muddy clasts and reworked 
minerals are also present. All scale bars are 100 μm.  
Figure 6.35. Thin sections of uppermost thick HCS sandstone unit from Cottonmouth 
Creek (CMC 17). A-F) Well sorted, quartz rich sandstone with sub-angular 
to rub-rounded grains and a glauconite content. A decrease in bioclastic 
material in this sandstone compared to the underlying sandstones. Rare 
benthic foraminifera are present within this sandstone. There are also 
occasional planktic foraminifera, both biserial and ‘globular’, within this 
sandstone as shown in (D) and (F). All scale bars are 100 μm.  
Figure 6.36. Hummocky cross-stratification (HCS) in the uppermost sandstone bed at 
Cottonmouth Creek. The HCS packages are clearly visible and indicated 
by Prof. Hart.  
Figure 6.37. The ‘Event Bed’ as seen at Cottonmouth Creek Waterfall. The ruler is 
resting on the black Maastrichtian mudstones. Immediately above the ruler 
is the ‘Spherule Bed’, followed by a series of interbeded thin sandstone 
and mudstone beds. The top of the ‘Event Bed’ is capped by a thick, 
medium grained sandstone body with HCS and climbing ripple packages, 
which are clearly visible at the top of the figure.  
Figure 6.38. The ‘Event Bed’ on the south side of Cottonmouth Creek, CMC section. 
The ‘Event Bed’ at Cottonmouth Creek displays lateral variability, 
especially below the unit comprising of medium grained sandstones that 
display hummocky cross-stratification. The underlying units are a series of 
fine, poorly sorted sandstone beds, interbedded with claystone and 
mudstone beds. The ‘Event Bed’ thins dramatically and eventually pinches 
out to the right of the 30 cm yellow ruler.  
Figure 6.39. ‘Event Bed’ at Cottonmouth Creek, CMC section. The ‘Event Bed’ clearly 
thins and pinches out against the underlying black Maastrichtian 
mudstones from the shovel to the 30 cm scale ruler. To the right of the 
ruler, only a thin (>5 mm) fine sand is present between black 
Maastrichtain mudstone and grey Paleogene claystones.  
Figure 6.40. Profile of the undulating top Maastrichtian surface and the ‘Event Bed’ in 
filling the negative areas. Note the onlap of the ‘Spherule Bed’ (orange) 
and the HCS sandstone bed (yellow) that pinches out against the 
Maastrichtian mudstones. The Cottonmouth Creek bentonite horizon is 
shown between 27 m and 29 m in the profile, but cannot be traced further 
along the creek. It is assumed that this horizontal as there is no evidence of 
tectonic folding during the K/Pg boundary interval.  
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Figure 6.41. Bioturbation (probably Ophiomorpha nodosa ) on the top of the HCS 
sandstone body at Cottonmouth Creek. Ruler for scale (30 cm).  
Figure 6.42. Sedimentary log at CM-1. The HCS sandstone body sits upon a very thin 
siltstone bed that sits unconformably on top of Maastrichtain mudstones. 
Note the lack of ‘Spherule Bed’ or series of interbedded sandstones and 
mudstones below the main HCS sandstone bed.  
Figure 6.43. Mineralogy of lowermost Paleocene at Cottonmouth Creek. A) CMC 1c. 
Very fine grained, well sorted claystone with some inclusions. Scale bar 
500 μm. B) CMC 2. Some muddy inclusions and very fine grained 
minerals in well sorted claystone. Scale bar 500 μm. C) and D) CMC 3. 
Siltier well sorted compostion with some clastic material within a muddy 
matrix. Scale bar 100 μm.  
Figure 6.44. Sketch map of the upper part of Cottonmouth Creek with main 
sedimentological observations indicated. Red line indicates the K/Pg 
boundary, were dotted, the red line represents where the K/Pg is not 
exposed due to vegetation or in outcrop. 
Figure 6.45. Phosphatic stienkerns of pycnodontids at Cottonmouth Creek that create 
distinct shell bands in the MSB and DSB horizons. Scale bar in cm.  
Figure 6.46. The ‘Event Bed’ in Darting Minnow Creek Waterfall section. The ‘Event 
Bed’ is thicker than that at Cottonmouth Creek, with, several medium 
grained sandbodies interbedded with thin claystone and mudstone beds. 
The ‘Event Bed’ at Darting Minnow Creek is also laterally very variable 
with some of the sandstone units pinching out within a few metres. The 
uppermost, rippled surface (Fig. 6.47) of the ‘Event Bed’ forms the top of 
the waterfall. Ruler 30 cm for scale.  
Figure 6.47. Sedimentary log of the top of the ‘Event Bed’ at Darting Minnow Creek 
Waterfall. Key on Figure 6.25. Sample locations are indicated. 
Figure 6.48. Sedimentary log of the lower part of ‘Event Bed’ at Darting Minnow 
Creek Waterfall. Key on Figure 6.25. Sample locations are indicated. 
Figure 6.49. Symmetrical ripples on top of main HCS sandstone bed at Darting 
Minnow Creek Waterfall.  
Figure 6.50. Cross cutting micro-structures in the HCS sandstone bed from Darting 
Minnow Creek. Scale bar is ~2 cm.  
Figure 6.51. Thin sections of the uppermost HCS sandstone bed at Darting Minnow 
Creek Waterfall (DMC6). A) Poorly sorted matrix sandstone with angular 
quartz grains, abundant glauconite and bioclastic material, especially 
'globular' and biserial planktic foraminifera. B) Poorly sorted, glauconite 
rich sandstone with abundant bioclastic material. Note the distinctive large, 
keeled planktic foraminifera in the centre of the image. C – E) Poorly to 
moderately sorted matrix supported sandstone fabrics with angular to sub-
angular quartz grains and other reworked minerals. Abundant bioclastic 
material and reworked benthic and planktic foraminifera. F) Large benthic 
foraminifera (Bolivinoides? sp.) within a glauconite rich, moderately 
sorted matrix. All scale bars are 100 μm.  
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Figure 6.52. Ripples on top of a medium-grained sandstone bed in one of the 
interbedded sandstone beds at Darting Minnow Creek Waterfall. Note that 
there are ripple packages at the base of the units as well as the top.  
Figure 6.53. Thin sections of the uppermost HCS sandstone bed at Darting Minnow 
Creek Waterfall (DMC4). A) Biserial planktic foraminifera (Heterohelix? 
sp.) in poorly sorted, quartz and glauconite rich medium sandstone. Scale 
bar 100 μm. B) Angular to sub-angular quartz grains in a glauconite rich, 
matrix with clasts of reworked material and abundant reworked 
foraminifera, both benthic and planktic. Scale bar 500 μm. C) Poorly 
sorted fabric with large bioclastic material and reworked clasts in a 
glauconite rich matrix. Scale bar 500 μm. D) Planktic foraminifera 
(Rugoglobigerina? sp.) displaying some calcite overgrowth with large 
glauconite grains and angular quartz grains. Scale bar 100 μm.  
Figure 6.54. Shell band from one of the interbedded mudstone beds at Darting Minnow 
Creek Waterfall. Scaphopods and bivalves are preserved, unbroken, in life 
position.  
Figure 6.55. Large black Maastrichtian mudstone clast, immediately behind the ruler, 
entirely surrounded by a shell rich, claystone bed at the base of the ‘Event 
Bed’ at Darting Minnow Creek Waterfall.  
Figure 6.56. Erosional contact between underlying black mudstones and overlying 
‘Spherule Bed’.  
Figure 6.57. Overview of the ‘Event Bed’ at Darting Minnow Creek Waterfall. The 
interbedded sandstones and mudstones sit above the erosional contact 
between the ‘Spherule Bed’ and the underlying Maastrichtian mudstones. 
The contact, picked out by red line, is highly irregular at this locality.  
Figure 6.58. Sketch map of upper part of Darting Minnow Creek with main 
sedimentological observations indicated. The proximity of Mullinax 2-3 
drill cores are >50 metres to the north of DMC.  
Figure 6.59. Poorly preserved ammonite, indicated by arrow, in situ on the Darting 
Minnow Creek stream bed, downstream from Darting Minnow Creek 
Waterfall. This horizon is overlain by Paleocene mudstones and it is 
thought that the ‘Event Bed’ is completely missing at this location.  
Figure 6.60. Downstream from the farm track intersection at Darting Minnow Creek 
(Fig. 6.58). The LCH nodule bed is located in the stream bed and is quite 
distinctive at this locality.  
Figure 6.61. Lower Darting Minnow Creek exposures. The creek flows over the LCH 
in the background. In the foreground, the most prominent bed in the creek 
bank is the DSB, below the tree roots. Below this, the MSB displays some 
lateral variability. The LCH is exposed in the foreground at water level.  
Figure 6.62. Downstream from the rapids shown in Figure 6.61. The shovel rests on the 
LCH nodule bed and the DSB is the prominent sub-horizontal bed above 
the shovel handle. The MSB is between these marker beds. Downstream of 
this location, the exposures are less well exposed as they are coated in mud 
brought into the valley at times of high water levels in the Brazos River.  
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Figure 6.63. Stratigraphic log of the lower Darting Minnow Creek outcrops, shown in 
Figures 6.61 and 6.62. Sample locations are indicated.  
Figure 6.64. Dark mudstones and claystones are the highest strtigraphically exposed in 
Darting Minnow Creek with sporadic rusty brown nodules within it, here 
observed to the right of the scale card (which has both inches and cm 
indicated). 
Figure 6.65. Diagramatic overview of all sections studied and/or sampled in the Brazos 
River area. Note the variation in the deposition of the ‘Event Bed’ and the 
upper Maastrichtain erosional topography. The linear orange horizons in 
the Maastrichtian represent the known bentonite horizons.  
Figure 6.66. The volcanic-derived claystone layer in Cottonmouth Creek, just below 
the waterfall. (A) Close up of the volcanic claystone bed. Ruler is 30cm 
long. (B) General view of the volcanic claystone bed with the ‘Event Bed’ 
above and to the right, slightly displaced by a small fault.  
Figure 6.67. A) Section CM1, Cottonmouth Creek; volcanic ash bed below event 
deposit, showing primary white colour and iron oxide staining; the darker 
sediment in the centre of the photo is a mud-filled burrow; scale is 10 mm. 
B) Section CM1, Cottonmouth Creek; photomicrograph of volcanic ash, 
showing grey smectite groundmass with angular white inclusions of 
potassium feldspar, altered feldspar, and biotite; quartz and zircon are 
present but not visible; scale is 1 mm. C) Section CM1, Cottonmouth 
Creek; backscattered electron image of subhedral potassium feldspar 
phenocryst with exsolution lamellae in volcanic ash; scale is 10 um. D) 
Section CM1, Cottonmouth Creek; backscattered electron image of 
potassium feldspar phenocryst with embyed margins in volcanic ash; scale 
is 10 um. E) Section CM1, Cottonmouth Creek; EDS element spectrum of 
feldspar phenocryst in volcanic ash F) Section CM1, Cottonmouth Creek; 
photomicrograph of zircon phenocrysts with euhedral form in volcanic ash; 
scale is 100 um (photo courtesy of Brent Miller). G) Section RBN, Brazos 
River east bank; photomicrograph of volcanic ash, showing grey smectite 
groundmass with angular white inclusions of potassium feldspar and 
biotite; scale is 1 mm. H) Section RBN, Brazos River east bank; 
photomicrograph of zircon phenocrysts with euhedral form in volcanic ash; 
scale is 1 mm. Figure courtesy of Tom Yancey (Texas A + M University).  
Figure 6.68. Outcrop photograph of yellow claystone horizon within dark Maastrichtian 
mudstones at Riverbank North. The yellow/orange horizon is very 
distinctive set against the black and dark grey mudstones. Scale bar is 15 
cm.  
Figure 6.69. Close up photograph of the yellow claystone horizon at RBN. Subtle 
thickness changes can be seen upon closer inspection where the clay 
minerals have expanded and weathered. Scale bar is 15 cm.  
Figure 6.70. Possible ash-fall deposits within the Mullinax cores 1-3. A) Distinctive 
stained lateral very fine grained horizons within dark mudstones in core 
Mullinax-1, box #7. B) Close up of one of the possible ash-fall deposits 
within core Mullinax-1, box #7. C) Stained horizon from core Mullinax-2 
box #6. D) Stained horizon from core Mullinax-1 box #7. American 
‘quarter’ for scale. E) Large stained, un-consolindated horizon from 
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Mullinax-1, box #3. Note that the expansion of this layer is not only 
deforming the sediments around it, but also bowing the plastic core liner. 
American ‘quarter’ for scale. F) Stained un-consolidated horizon from 
Mullinax-2, box #9. G) Stained un-consolidated horizon from Mullinax-2, 
box #9. Note the bowing of the plastic core liner. The brown staining that 
runs parallel to the core sides is due to these cores being covered in plastic 
tubing which has a hollow centre and as this area has been subjected to 
more air and moisture, it has oxidised and stained around this horizon. 
This probably confirms that many of these changes have occurred in the 
core boxes (which have been stored at ambient temperature and humidity) 
and would not have been (so) visible when first drilled.  
Figure 6.71. ‘Event Bed’ cored in Mullinax-1 core. The shell hash ‘Spherule Bed’ is 
exposed at the base of the core, with a series of interbedded mudstones, 
siltstones and sandstones capping it.  
Figure 6.72. Rootlets within the uppermost cored material in the Mullinax-3 core. 
These rootlets were described by Adatte et al. (2011) as evidence of a 
paleosol in Mullinax-3 and a mangrove environment at the K/Pg boundary 
event in the Brazos River area. These rootlets are infilled with gypsum 
crystals and oxidise the surrounding mudstone. However, these rootlets are 
attributed to overlying Pleistocene river deposits and modern day roots 
from the heavily vegetated Pleistocene deposits.  
Figure 6.73. Diagramatic overview of The Brazos River K/Pg section with relation to 
other, more distal K/Pg localities in Tunisia and Denmark.  
 
CHAPTER 7 – MICROPALAEONTOLOGY 
 
Figure 7.01. Benthic foraminifera distribution in the >500 μm size fraction from 
Riverbank South. 
 
Figure 7.02. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from Riverbank South. 
Figure 7.03. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from Riverbank South. 
Figure 7.04. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
Riverbank South. 
Figure 7.05. Fisher Alpha values from the Riverbank South section for the four size 
fractions: >500 μm (red), 500 μm – 250 μm (green), 250 μm – 150 μm 
(purple) and 150 μm – 63 μm  (yellow). 
Figure 7.06. Fisher Alpha value based on the compiled values from each size fraction. 
Figure 7.07. Fisher Alpha values plotted against Shannon-Weiner (H) values from 
Riverbank South, 
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Figure 7.08. Benthic foraminifera distribution in the >500 μm size fraction from 
Brazos-1. 
Figure 7.09. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from Brazos-1. 
Figure 7.10. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from Brazos-1. 
Figure 7.11. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
Brazos-1. 
Figure 7.12. Benthic foraminifera distribution in the >500 μm size fraction from 
Riverbank 4-5. 
Figure 7.13. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from Riverbank 4-5. 
Figure 7.14. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from Riverbank 4-5. 
Figure 7.15. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
Riverbank 4-5. 
Figure 7.16. Benthic foraminifera distribution in the >500 μm size fraction from 
Riverbank West. 
Figure 7.17. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from Riverbank West. 
Figure 7.18. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from Riverbank West. 
Figure 7.19. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
Riverbank West. 
Figure 7.20. Benthic foraminifera distribution in the >500 μm size fraction from 
Riverbank North. 
Figure 7.21. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from Riverbank North. 
Figure 7.22. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from Riverbank North. 
Figure 7.23. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
Riverbank North. 
Figure 7.24. Benthic foraminifera distribution in the >500 μm size fraction from CM-1. 
Figure 7.25. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from CM-1. 
Figure 7.26. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from CM-1. 
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Figure 7.27. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
CM-1. 
Figure 7.28. Benthic foraminifera distribution in the >500 μm size fraction from CM-4. 
Figure 7.29. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from CM-4. 
Figure 7.30. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from CM-4. 
Figure 7.31. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
CM-4. 
Figure 7.32. Benthic foraminifera distribution in the >500 μm size fraction from 
CMWF. 
Figure 7.33. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from CMWF. 
Figure 7.34. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from CMWF. 
Figure 7.35. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
CMWF. 
Figure 7.36. Benthic foraminifera distribution in the >500 μm size fraction from CMC. 
Figure 7.37. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from CMC. 
Figure 7.38. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from CMC. 
Figure 7.39. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
CMC. 
Figure 7.40. Benthic foraminifera distribution in the >500 μm size fraction from DMC. 
Figure 7.41. Benthic foraminifera distribution in the 500 μm – 250 μm size fraction 
from DMC. 
Figure 7.42. Benthic foraminifera distribution in the 250 μm – 150 μm size fraction 
from DMC. 
Figure 7.43. Benthic foraminifera distribution in the 150 μm – 63 μm size fraction from 
DMC. 
Figure 7.44. Summary of benthic foraminifera ‘events’ from the Brazos River area. 
Sedimentological log key in Fig. 6.01. 
Figure 7.45. Planktic recovery in the Brazos River area in the Riverbank South section 
(RBS). Note the overall decrease of heterohelicids into the Paleocene, 
while the ‘globular’ species recover into the Paleocene. K/Pg boundary 
represented by the red line. Percentages relate to total assemblage (benthic 
and planktic). 
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CHAPTER 8 – STABLE ISOTOPES 
 
Figure 8.1. Stable isotope analysis of the benthic foraminifera L. rotulata in the RBS 
section. The grey box represents the interval that may contain a reworked 
material. 
 
Figure 8.2. A correlation of stable carbon isotope values versus stable oxygen isotope 
values of Lenticulina Rotulata. 
 
Figure 8.3. C/N ratio and Bulk Organic δ13C from RBS section. Hatched line 
represents K/Pg Boundary. 
Figure 8.4. Fine fraction (<45 μm) δ13C and δ18O. Hatched line represents K/Pg 
Boundary. 
Figure 8.5. Comparison of the RBS section from Brazos River, Texas, and the Contessa 
Highway section from Gubbio, Italy. Pale yellow shaded area is the 
comparison and correlation with the DAN-C2 and Lower C29n 
hyperthermal events. Note the biostratigraphy in each section. CN = 
Calcareous nannofosils. PF = Planktic foraminifera Contessa Highway data 
modified from Coccioni et al. (2010). 
Figure 8.6. Comparison of the δ18O and δ13C L. rotulata stable isotopic signal plotted 
beside the bulk organic and C/N ratio. The grey shaded area represents the 
interval that may contain reworked material. 
 
 
9. SYNOPSIS OF PALAEOENVIRONEMNTAL CHANGE AND 
DEPOSITIONAL HISTORY 
 
 Figure 9.01. Medium sandstone bed in Mullinax-1 core, in pink box, comparable to the 
sandstone bed that crosses the Brazos River upstream of RBN. 
Figure 9.02. Condrites style bioturbation within the upper Maastrichtian of Mullianx-1 
core. 
Figure 9.03. Heterolithic packages are seen throughout the upper Maastrichtian in the 
Mullinax-1 core. The darker, mudstone horizons are interbedded with thin, 
siltier, lighter-coloured horizons. 
Figure 9.04. In situ ammonites (Baculites? spp.) within the uppermost Maastrichtian in 
the Mullinax-2 core. 
Figure 9.05. Uncoiled ammonite specimen from the uppermost Maastrichtian in the 
Mullinax-2 core. 
Figure 9.06. P:B (x:1) ratio for the lower Paleocene at Riverbank 4-5. As the planktic 
foraminifera experienced an extinction event, this cannot be used accurately 
for paleo-depth estimation, but can be used to indicate the rate of planktic 
foraminiferal recovery in the Paleocene. Red line indicates the K/Pg 
boundary, while the dotted line indicates the top of the ‘Event Bed’. 
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Figure 9.07. Generalized open marine shelf environments with predominant biofacies 
and hydrological trends. Modified after Olson and Leckie (2003). 
Figure 9.08. Forced regression, sea-level fall, immediately after the K/Pg boundary 
event. 
Figure 9.09. Shell lag deposition at base of the ‘Event Bed’. A shell lag, containing 
reworked impact spherules, micro and macrofossil debris and clasts, is 
deposited in low areas of the sea floor in the ‘troughs’ of the scoured sea 
floor. K/Pg boundary marked by the erosional unconformity. 
Figure 9.10. Claystones and mudstones cover the ‘Event Bed’ and the remaining 
exposed Maastrichtian. Some bioturbation is evident in the lowermost 
deposits. 
Figure 9.11. Transgressive System Tract in the Brazos area in the earliest Paleocene. 
Figure 9.12. Maximum Flooding Surface recorded at the top of the MSB condensed 
unit into the Paleocene. 
Figure 9.13. Uppermost deposits exposed in the Brazos River area. These sediments are 
fine siltsontes and claystones and are seen at the very top of the exposure: 
~6 m above the top of the ‘Event Bed’. 
Figure 9.14. Transgressive Systems Tract continues into the early Paleogene, 
represented by the exposures above the RPH at RBS. 
Figure 9.15. Summary diagram fro all the major events across the K/Pg boundary in the 
Brazos River area. For more detailed information on each section, see the 
relevant chapter.  
 
PLATE CAPTIONS 
 
Plates 1 – 45. Benthic Foraminifera from the Cushman Collection. 
Plates 46 – 53. SEM plates of Benthic foraminifera from the Brazos River area. 
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collection. This visit was invaluable in order to assess the original material and aid in 
the identification of the benthic foraminifera. During the research, additional funding 
for fieldwork and conference attendance was awarded from The Micropalaeontological 
Society and Shell Exploration and Production (Houston). Extensive fieldwork in the 
Brazos River area, Texas, was undertaken in the early autumn of 2010 and 2011, which 
allowed for the collection of samples and the understanding of the sedimentology of the 
area to be assessed.  
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1. INTRODUCTION 
 
1.1. Rationale 
Although not the most severe of the major extinction events in Earth’s history, the 
Cretaceous – Paleogene boundary (K/Pg) is one of the most studied (e.g., Twitchett, 
2006; Hart et al., 2012; Alegret et al., 2012 as examples). There were synchronous 
extinctions in both the marine and terrestrial realms including some invertebrates (e.g., 
ammonites), calcareous nannofossils, planktic foraminifera and dinosaurs (Keller et al., 
2009). A bolide impact at Chicxulub in the Yucatan Peninsula, Mexico, is now widely 
accepted as a major cause of the extinction event (MacLeod et al., 2007), despite a 
disagreement over the timing of the extinctions (Keller et al., 2009; Schulte et al., 
2010). The K/Pg boundary on the Brazos River and its tributaries in Falls County, 
Texas, has been extensively studied by several authors (e.g., Hansen et al., 1987; 
Yancey, 1996; Schulte et al., 2006; Keller et al., 2009; Adatte et al., 2011; Hart et al., 
2012). However, there are on-going arguments over the nature and timing of the 
boundary (Keller et al., 2008; Schulte et al., 2010). Many of the disagreements relate to 
the nature of the boundary complex exposed in the Brazos River area, which has been 
interpreted to be either tsunami deposits related to the Chicxulub impact (Keller et al., 
2003, 2009), a series of storm deposits (Gale, 2006) or a succession of storm deposits 
resting on a tsunami-generated erosion surface (Yancey, 1996; Hart et al. 2012). This 
clastic unit contains, at its base, impact-derived spherules, reworked macrofossil debris, 
foraminifera, glauconite and reworked carbonate nodules (Yancey, 1996; Alegret et al., 
2002; Schulte et al., 2006; Keller et al., 2009; Hart et al., 2012). The spherule-rich bed 
is overlain by discrete sandstone bodies which display hummocky cross-stratification, 
climbing ripples, complex bioturbation and fossil-rich siltstone inter-beds. The 
interpretation of the sedimentology of this complex is important as it provides a record 
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of the mass extinctions across the K/Pg boundary, either impact derived or some other 
mechanism or circumstance such as major storm activity.  
Despite the large amount of published work, investigations have focused mainly on 
exposures in the Brazos River close to the Highway 413 bridge, selected localities 
within the creeks (Darting Minnow and Cottonmouth) or cored material. A previously 
forgotten section on the Brazos riverbank between Cottonmouth and Darting Minnow 
creeks that had been obscured by vegetation, has been described by Hart et al. (2012). 
This exposure, identified as Riverbank South (RBS), reveals a laterally continuous 
exposure of the K/Pg boundary deposits and basal Paleocene strata over a >100 m long 
cliff. 
The collapse of sea floor carbon isotope gradients has been interpreted as reflecting a 
global collapse of primary productivity (Strangelove Ocean) or export productivity 
(Living Ocean), which may have been the cause of mass extinction higher in the marine 
food chain (Alegret et al., 2012). Benthic foraminifera have been largely overlooked by 
previous authors in the area in favor of planktic foraminifera (e.g., Keller, 1989; 
Abramovich et al., 2011), which demonstrate a mass extinction pattern. The planktic 
foraminifera show dramatic reductions in abundance and occurrence across the K/Pg 
boundary in sections worldwide, indicating that environmental effects may have been 
restricted to near-surface waters (Culver, 2003): see Keller (1996) and Molina et al. 
(1996) as examples. Keller et al. (2002) present a complete review of the paleoecology 
of planktic foraminifera within the K/Pg event. They found that mass extinction within 
planktic foraminifera was highly selective and, as such, reflected dramatic changes in 
temperature, salinity, oxygen and nutrients across the boundary. Keller et al. (2002) 
conclude that around three quarters of all planktic species disappeared at, or near the 
K/Pg boundary, with only ecological generalists with a tolerance to variations in 
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nutrients, oxygen etc., able to survive. Keller et al. (2002) also deduced that selective 
ecological opportunists – represented by biserial and triserial morphotypes – were able 
to survive, although their relative abundance decreased significantly across the 
boundary. This created a pseudo-mass extinction and a survivor assemblage of small 
surface dwellers and low oxygen tolerant taxa (Keller et al., 2002). The benthic 
foraminifera present throughout the succession are highly diverse and abundant but 
require taxonomic revision (see Hart et al., 2011).  
Previous studies of benthic foraminifera in the Brazos River area have only been either 
preliminary pilot studies or at a low resolution. Plummer (1927) was the first to 
document the benthic foraminiferal assemblage in Texas, comparing the Navarro 
(Maastrichtian) to the Midway (Danian) formations. Plummer (1927) concluded that the 
benthic foraminiferal assemblage was indicative of a comparatively shallow sea. 
Cushman (1946) was the first to document the complete benthic assemblage of this 
region through full taxonomic descriptions and hand drawn illustrations. However, this 
taxonomy is largely out of date following the re-classification of foraminifera by 
Loeblich and Tappan (1964, 1987). Cushman (1946) did not include any information on 
abundances, appearances, ecological changes or even a limited palaeoenvironmental 
interpretation of the assemblage. This project, therefore, represents the first analysis of 
the benthic foraminifera in a high-resolution study across the K/Pg boundary in the 
Brazos River area, Texas. 
In a comprehensive review of benthic foraminifera across the K/Pg boundary, Culver 
(2003) set out to evaluate benthic foraminiferal studies from K/Pg boundary sites 
worldwide. This included an assessment of the shallow-water benthic assemblages at 
sites such as El Kef (Tunisia), New Jersey (USA), Agost (Spain) and Stevns Klint 
(Denmark) as well as deep-water benthic assemblages at sites in Trinidad, the Weddell 
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Sea and Italy. Culver (2003) states that benthic foraminifera were largely unaffected 
across the K/Pg boundary, and do not demonstrate a mass extinction. Changes to the 
benthic foraminiferal record may be largely due to changes in sea-level or the result of a 
collapse of pelagic food webs (Alegret and Thomas, 2001; Alegret et al., 2002). 
However, Alegret et al. (2012) conclude that it was not a collapse of primary 
productivity or export productivity that caused the marine mass extinction after the 
K/Pg boundary event as the oceans may have been relatively eutrophic, supporting 
plankton blooms, while oceanic productivity recovered rapidly. Instead, Alegret et al. 
(2012) conclude that the marine mass extinction may have been caused by a transient 
period of extreme acidification of surface waters. Culver (2003) also concludes that 
shallow-water benthic foraminifera were less severely affected than deeper dwelling 
species, while true extinction is generally quite low – no matter what the water depth. 
He also indicates that there appears to be a preferential survivorship of epifaunal species 
into the Danian with a short-lived interval dominated by infaunal taxa in the earliest 
Danian, responding to increased amounts of organic matter input at the boundary, 
followed by a sudden collapse in primary productivity. 
The comparison of shallow-water benthic assemblages to those in deeper water also 
allowed Culver (2003) to determine if any biotic changes began before the boundary in 
shallow and intermediate depth waters and at the boundary in deep waters. In Culver’s 
concluding statement (Culver, 2003, p. 220) he makes it clear that benthic foraminifera 
survived the K/Pg event and late Maastrichtian environmental instability “rather well”, 
no matter the water depth, paleogeographical locality or environmental habit. Culver 
also goes on to conclude that even where foraminiferal community response to the end-
Cretaceous event was severe, within a few thousand years the taxa had recovered and 
Lazarus taxa had returned to reconstruct an essentially late Cretaceous assemblage. 
Culver (2003) adds that there was – at the time – insufficient data in quality, quantity 
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and geographic range to conclude any global patterns of extinction. 
 
1.2. Aims and Objectives 
The primary aim of this research is to study the changes in the benthic foraminifera 
across the K/Pg boundary at Brazos River, Texas. This will focus on the taxa that were 
present within the uppermost Maastrichtian, those taxa that disappeared across the K/Pg 
boundary and those that survived into the early Danian. This research will focus on 
documenting and recording the changes to the benthic foraminifera and other micro and 
macro-fauna (e.g., calcareous dinoflagellate cysts, ostracods, etc.) across the K/Pg 
boundary. The supplementary aims of this project will be to compare the data collected 
at the various localities to other K/Pg boundary sections worldwide (El Kef, Agost, 
Stevns Klint, etc.). The palaeoenvironments, geochemistry, sequence stratigraphy and 
sedimentology of the sections will also be considered in order to assess the wider 
implications and effects of the mechanism for the K/Pg boundary. Longer-term aims 
and objectives intend to investigate the isotopic signal of the benthic foraminifera across 
the K/Pg boundary. 
The objectives of the project are to: 
• Generate high-resolution micropalaeontological data from the uppermost 
Maastrichtian and across the K/Pg boundary into the lowermost Danian; 
• Produce a full taxonomic index of benthic foraminifera from the uppermost 
Maastrichtian and across the K/Pg boundary into the early Danian; 
• Produce a palaeoenvironmental interpretation for the Brazos River area from 
the uppermost Maastrichtian and across the K/Pg boundary into the early 
Danian; 
• Develop a geological model for the events surrounding the K/Pg boundary 
based on micropalaeontological, sedimentological and geochemical data, and 
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the subsequent repercussions; and 
• Produce high-resolution stable isotope data for the uppermost Maastrichtian, 
and across the K/Pg boundary into the lowermost Danian based on the record 
derived from the foraminifera. 
This set of objectives will allow the analysis of: 
• The micropalaeontology of a number of sections across the K/Pg boundary 
(planktic and benthic foraminifera) and a determination of their significance in 
palaeoenvironmental interpretation; 
• The significance of other micro and macro-fauna across the K/Pg boundary 
and their significance for palaeoenvironmental reconstructions; and 
• The stable isotope record from the benthic foraminifera across the K/Pg 
boundary. 
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2. BACKGROUND 
2.1. K/Pg Boundary History 
The Cretaceous – Paleogene (K/Pg) boundary (previously referred to as the K-T, CTB 
or CD boundary) is represented by the boundary between the Maastrichtian Stage (72.1 
± 0.2 Ma to 66.0 Ma) and the Danian Stage (66.0 Ma to 61.6 Ma) (Gradstein et al., 
2012). The K/Pg boundary has generated a significant amount of attention from the 
scientific community and from the public domain, owing to the significance of the 
‘death of dinosaurs’. Publications and interest concerning the end-Cretaceous event 
have dominated in recent times over the other major, more severe, biotic turn-overs 
such as the Late Triassic event and Late Permian event (e.g., Twitchett, 2006). However, 
the significance, magnitude and importance of this geologic boundary is a relatively 
modern notion and it has taken a number of years for the scientific community to 
understand, and agree upon, the sequence of events that marks this geologic boundary. 
The Maastrichtian Stage was first described by Dumont in 1849 under the original 
meaning “système maestrichtien” in his report Rapport sur la carte géologique du 
Royaume (Jagt and Jagt-Yazykova, 2012). Dumont (1849) defined the “système 
maestrichtien” as “The final system, which is named after the town of Maastricht and 
has long since been known for containing fossils, it is comparable to the localities in the 
province of Limbourg, of the glauconitic sandstone and glauconitic limestones. It 
includes the limestones that are being quarried in Maastricht, the Flox-les-Caves and 
Ciply, and corresponds to the limestones of the Paris basin” (Jagt and Jagt-Yazykova, 
2012, p. 10). 
Although Dumont recorded and defined the “système maestrichtien”, this description 
was in fact only a brief report by Dumont that was given as part of a presentation (Jagt 
and Jagt-Yazykova, 2012). The first lithological subdivision of the Maastricht 
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Formation was undertaken by Uhlenbroek (1912) which was later refined and 
completed by Felder (1975) and later by Zijlstra (1994) using flint horizons, 
Milankovitch rhythmicity and sequence stratigraphy (Jagt and Jagt-Yazykova, 2012). 
The Maastricht Formation is best exposed within the ENCI-Heidelberg Cement Group 
Quarry (Fig. 2.1) near the town of Maastricht, The Netherlands, contains part of the 
lower Maastrichtian and the entire upper Maastrichtian up to within 2 metres of the 
K/Pg boundary (Jagt and Jagt-Yazykova, 2012). The quarry covers a greater 
stratigraphic range than just the Maastrichtian and extends down into the Campanian. 
Other quarries in close proximity to Maastricht expose other elements of the 
Maastrichtian and these are complemented by a number of natural exposures. Dumont’s 
“système maestrichtien” originally included strata now known to be Danian in age, as 
well as extending down into strata that is regarded as Campanian.  
Despite this area being the historical type area, it was decided by the Maastrichtian 
Working Group that this area could not be used for the definition of the 
Campanian/Maastrichtian boundary (Jagt and Jagt-Yazykova, 2012). The Global 
Boundary Stratotype Section and Point (GSSP) for this boundary was placed within a 
limestone quarry at Tercis les Bains in south-west France (Odin and Lamaurelle, 2001). 
The selection of the quarry in Tercis les Bains over the historical type section was stated 
by Odin and Lamaurelle (2001) to be due to the exceptional correlation, though many 
would dispute this, between the section at Tercis les Bains with Boreal and Tethyan 
Realms, western Europe and North America, the oceanic and platform environments 
and marine and continental successions.  
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Figure 2.1. The historical type locality for the Maastricht Formation, best exposed currently in the ENCI-
Heidelberg Cement Group Quarry near the town of Maastricht, The Netherlands. Photograph courtesy of 
M. B. Hart. 
Similarly, the GSSP for the Maastrichtian/Danian boundary (K/Pg) was defined near to 
El Kef, Tunisia (Molina et al., 2006). This was due to the original assertion that the top 
of the Maastrichtian and lower parts of the Danian were missing in the Maastricht type 
area, although this may not be correct, as the K/Pg boundary section in the Maastricht 
type area is more expanded than previously thought (Jagt and Jagt-Yazykova, 2012).  
The historical Danian type section is located at Stevns Klint on the Stevns Peninsula in 
eastern Denmark. The importance of these coastal cliff exposures has long been known 
and has been visited by prominent geologists, including Charles Lyell in 1835. After 
visiting the Stevns Klint coastal exposures in Denmark in 1847, Swiss geologist Jean 
Édouard Desor named, recorded and defined a new period, naming it “Terrain Danien” 
and nominated Stevns Klint as the type locality for the Danian Stage (Damholt and 
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Surlyk, 2012). The Danian stage was originally part of the uppermost Cretaceous; this 
was due to the succession at Stevns Klint consisting of limestones, especially chalks, 
which characterise the Upper Cretaceous over large areas of Europe (Damholt and 
Surlyk, 2012).  
Earlier workers (e.g., Ravn, 1902a, b; Neilsen 1912) had often collected and 
investigated samples from the uppermost Cretaceous chalks and the lowermost Danian 
Cerithium Limestones without recognising that these units were of differing geological 
ages and, therefore, mixed the faunal assemblages from both units (Damholt and Surlyk, 
2012). Rosenkrantz (1924, 1939) clarified the relationship between the various 
lithological units and demonstrated that the two limestones within the succession, the 
Maastrichtian Chalk and the Danian Cerithium Limestone, contained markedly different 
faunas (Damholt and Surlyk, 2012). 
Exposed in the Stevns Klint succession between these two carbonate-rich units is a thin 
grey clay bed that clearly marks the boundary between the Cretaceous and the 
Paleogene as seen in Figure 2.2 (Hart et al., 2004, 2005). This distinct clay bed, 
historically referred to as the Fish Clay but now known as the Fiskeler Member, is 
deposited within a series of shallow troughs between gentle mounds on the end-
Cretaceous seafloor (Surlyk et al., 2006). A thin clay bed is a common characteristic 
feature in K/Pg boundary sites worldwide and is reported to indicate a marked fall in 
primary productivity at the boundary (Hart et al., 2004, 2005). Although recognised as a 
part of the Paleogene, the Danian Stage was not officially recognised as a part of the 
Paleogene until 1982 when the ICS Working Group officially voted in favour of placing 
the K/Pg boundary between the Maastrichtian and the Danian (Molina et al., 2006).  
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Figure 2.2. Expanded Fiskeler Member of Kulstirenden, Stevns Klint. 1) Højerup Member, Maastrichtian 
chalks. 2) Fiskeler Member. 3) Cerithium Limestone Member, Danian Limestones. The K/Pg boundary is 
located between the Højerup Member and the Fiskeler Member on a rusty-coloured layer rich in pyrite 
and iridium, indicated by the dashed line. The exact boundary between the Fiskeler Member and the 
Cerithium Limestone Member is undefined and transitional, and as such is indicated with a dotted line. 
Stratigraphic subdivision after Surlyk et al. (2006). Photo taken from Leighton et al. (2009). 
Several K/Pg boundary sites were considered for nomination as the GSSP, which was 
eventually decided between four sites by the Voting Members of the International 
Subcommission on Cretaceous Stratigraphy (ICS) in 1988 by the following votes: 10 
for El Kef (Tunisia), 6 for Zumaya (Spain), 2 for Brazos (USA) and 2 for Stevns Klint 
(Denmark) (Molina et al., 2006). The El Kef section in Tunisia was officially 
designated the K/Pg boundary global stratotype section and point (GSSP) at the 
XXVIIIth International Geological Congress in Washington, 1989 – see Molina et al. 
(2006) for exact vote counts. For the criterion by which the GSSP should be defined, the 
result was the following: 11 for the base of the boundary clay, 3 for the first occurrence 
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of dinoflagellate cyst Danea californica, 3 for the iridium maximum, 1 for the base of 
the tsunamite and 1 for another (Molina et al., 2006). The K/Pg boundary is therefore 
officially placed at the base of the 50 cm thick boundary clay at the section near El Kef, 
Tunisia (Molina et al., 2006). This was confirmed by the ICS in 1990 and ratified by the 
International Union of Geological Sciences in 1991 (Molina et al., 2006). The section 
was chosen for its continuous and expanded sedimentary record, excellent preservation 
of microfossils and geochemical markers (Keller et al., 1995; Molina et al., 2006). 
During the late Maastrichtian and into the early Paleogene, the El Kef region was 
situated on the interior edge of the subsiding Tunisian Trough, characterised by marine 
sedimentation (Bensalem, 2002). This allowed for constant sedimentation and a slightly 
expanded nature of the El Kef section, in comparison to other K/Pg sites. The 
stratigraphy of the El Kef locality is an abrupt transition from Maastrichtian marls to 
black clay followed by a slow transition back into Danian marls (Ben Abdelkader et al., 
1997). At the base of the clay unit, a thin (1-2mm) goethite layer containing enhanced 
levels of iridium and Ni-rich spinels is present. This geochemical marker at the base of 
the Paleogene displays an Iridium ‘spike’ of 18 ng/g (background 0.02 ng/g) and a Ni-
rich spinels ‘spike’ of 200/mg (Fig. 2.3).  
A multitude of investigations have extensively studied the El Kef region. Examples 
include studies of;  
 Planktic foraminifera by Smit (1982), Brinkhuis and Zachariasse (1988), Keller 
(1988a), Ben Abdelkader (1992) and Keller et al. (1995); 
 Benthic foraminifera by Keller (1988b, 1992), Alegret (2008), Alegret (2003), 
Speijer and Van Der Zwaan (1996), Speijer (1994); 
 Ostracods by Donze et al. (1982, 1985) and Peypouquet et al., (1986); 
 Calcareous nannoplankton by Perch Nielsen (1981a,b), Perch Nielsen et al. 
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(1982), Jiang and Gartner (1986) and Pospichal (1994); 
 Dinoflagellate cysts by Brinkhuis and Zachariasse (1988), Brinkhuis and 
Leereveld (1988); 
 Palynoflora by Donce et al. (1985) and Méon (1990); 
 Isotope geochemistry by Smit and Ten Kate (1982), Kuslys and Krähenbähl 
(1983) Keller and Lindinger (1989); 
 Iridium and Ni-rich spinels by Robin et al. (1991); 
 Ammonites by Goolaerts et al. (2004); and 
 Sedimentology by Ben Abdelkader et al. (1997) and Benalem (2002).  
These studies, along with several others (e.g., Keller et al., 1996; Kouwenhoven et al., 
1997; Bensalem, 2002), provide a highly detailed reference base for the El Kef section 
against which all other K/Pg boundary sections worldwide could be compared. 
Figure 2.3. Stratigraphy and geochemical signals from across the K/Pg boundary at the El Kef GSSP, 
Tunisia. Modified from Molina et al. (2006). 
Associated with the K/Pg boundary is a mass extinction of marine and terrestrial 
organisms, one of the major five mass extinction events of the Phanerozoic (Twitchett, 
2006). In Raup and Sepkoski’s (1982) genus level database, 11% of the families of 
marine vertebrates and invertebrates became extinct at the K/Pg boundary. In 
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comparison to the other “big five” mass extinction events, the K/Pg event is the lowest 
recorded extinction rate on Sepkoski’s genus level database. Raup and Sepkoski (1983) 
proposed that over the past 250 mys, there have been 12 extinction events of marine 
vertebrates, invertebrates and protozoans and that they occur periodically over a mean 
interval of 26 mys. However, Raup and Sepkoski (1983) related these changes to extra-
terrestrial forces: e.g., solar, solar system of galactic factors or events. Sepkoski (1992) 
further refined the model (Fig. 2.4) to record the changes to ‘Cambrian fauna’, 
‘Paleozoic fauna’ and ‘Modern fauna’. According to Sepkoski’s (1992) model, the 
‘Modern fauna’ is the most affected at the K/Pg boundary. This fauna includes the 
Gastropoda, Bivalvia, Mammalia, Reptilia, Echinoidea, Malacostraca, Osteichthtyea, 
Chondrichthyea and Hexactinellida, with the number of families of the ‘Modern fauna’ 
dropping from ~650 to ~520.   
Figure 2.4. Sepkoski (1992) genus level database. “Cambrian fauna” represented by blue, “Paleozoic 
fauna” represented by pink and “Modern fauna” represented by yellow. The five major mass extinctions 
of the Phaneozoic are also indicated. 1) end-Ordovician; 2) late Devonian (Frasnian); 3) end-Permian; 4) 
end-Triassic; 5) K/Pg event. 
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Despite various theories about what caused the mass extinction event at the K/Pg 
boundary, no periodic mechanisms had been found to explain the geologically 
instantaneous extinctions in the marine and terrestrial realms. 
2.2. Impacts and Extinctions             
The renewed interest surrounding the K/Pg boundary can be related to the Alvarez et al. 
(1980) publication (see Hallam and Wignall, 1997). In this seminal publication, the 
authors rejected previously published hypotheses for the cause of the K/Pg event such 
as a magnetic reversal (Simpson, 1966) or a nearby supernova causing rapid climatic 
events (e.g., Whitten et al., 1976) in favour of a proposed extra-terrestrial bolide impact 
and the possibility of whether this created a mass extinction event at 66 Ma. McLean 
(1978) had previously advocated CO2 emissions from Deccan volcanism as the most 
likely cause for the K/Pg mass extinction (Keller, 2011). 
It had been recorded at several northern Italian K/Pg boundary sections that the size of 
planktic foraminifera greatly reduced over the very short interval that straddled the K/Pg 
boundary clay (Figs. 2.5, 2.6) near the Italian town of Gubbio (Luterbacher and Premoli 
Silva, 1964). This was a significant discovery, and drew attention from the scientific 
community. The thin bed of reddish-grey clay that divided two layers of limestone, one 
from the Cretaceous period, one from the Paleogene (Kuiper et al., 2008). At the time, 
the conventional wisdom about the death of the dinosaurs was the same as it had been in 
the mid-19
th
 Century, namely that the dinosaurs had died out over millions of years 
(Keller, 2011). But the thinness of the horizon in Umbria Marche suggested that in Italy, 
if not anywhere else, something more abrupt had happened (Wohl, 2007). It occurred to 
Walter Alvarez that one answer might be extra-terrestrial and, more specifically, cosmic 
dust. Every year the Earth accumulates over 30,000 metric tonnes of cosmic spherules 
and other extra-terrestrial dust (Snelling and Rush, 1993). Scattered through this thin 
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‘dusting’ is the element iridium, which is a thousand times more abundant in space than 
in the Earth’s crust.  
Figure 2.5. Thin, red clay separating two units of limestone at Gubbio, Italy. This section is close to the 
Bottaccione Gorge, known as the Contessa Highway section. Clay horizon is being indicated by Prof. 
Hart. The white limestones on which Prof. Hart is kneeling are Maastrichtian in age, while the buff/pink 
limestones above the hammer are Danian in age. Photograph courtesy of M. B. Hart. 
A process called Neutron Activation Analysis (NAA) was developed by Frank Asaro 
(Alvarez et al., 1980) at the Lawrence Berkeley Laboratory at University of California, 
Berkeley, by which it was possible to measure very precisely the chemical composition 
of clays. The level of iridium in the sample from Italy was more than 30 times larger 
than normal background levels (Alvarez et al., 1980). Iridium and related platinum 
group elements are less abundant within the Earth's crust and upper mantle than they are 
in chondritic meteorites and average solar system material (Alvarez et al., 1980, and 
references therein). Ni-rich spinels also point to a cosmic origin as they are formed 
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when a piece of extraterrestrial matter (rich in Ni) is melted and oxidised in the Earth’s 
atmosphere (Ben Abdelkader et al., 1997). Alvarez et al. (1980) concluded that the 
Earth must have been struck by an asteroid or comet and this developed into the bolide 
impact theory (Keller, 1996, 2001; Stinnesbeck and Keller, 1996). Although the impact 
theory for K/Pg extinctions was not a new one, the findings of Alvarez et al. (1980) 
provided credible and testable evidence (Keller, 2011). This impact, Alvarez et al. 
(1980) argued, would account for the sudden influx of extra-terrestrial material, 
specifically Iridium (Ir), at the K/Pg boundary (see Keller, 1996; Stinnesbeck and Keller, 
1996 as examples). The high content of Ir and platinum group inter-element ratios, the 
presence of unusual spherules (e.g., Smit et al., 1981; Izett, 1987; Olsson et al., 1997), 
impact-derived minerals such as shocked quartz (Morgan et al., 2006; Schulte et al., 
2006) and spinel (Kyte and Smit, 1986; Robin et al., 1991 for example) at K/Pg 
boundary sites world-wide (e.g., El Kef, Stevns Klint, Agost, Brazos River, New 
Zealand and Antarctica; Fig. 2.6) indicated that the Iridium level from the boundary 
clay was worldwide and greatly elevated everywhere. In some cases a more elevated Ir 
concentration than that recorded in Gubbio was found: e.g., 160 times larger than 
normal levels at Stevns Klint, Denmark (Alvarez et al., 1980). It was reasoned that a 
volcanic Ir source from large-scale eruptions in India (Deccan traps) could not have 
resulted in such a concentration, whereas the fall-out from a meteorite impacting the 
Earth could leave this geochemical anomaly in a ‘geological’ instant (Keller, 2011). 
The idea that the death of the dinosaurs was a sudden and abrupt event and not 
occurring over millions of years was not received well in many communities. This was 
particularly noticeable in the palaeontological community where many palaeontologists 
were highly sceptical, if not openly critical of the impact theory. They could not 
reconcile the gradual decline in the vertebrate fossil record with a sudden impact (Keller, 
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2011). The one thing that would support the bolide impact theory was an impact crater, 
and this was the one thing that they had not located.  
Figure 2.6. Palaeogeographic map at the K/Pg boundary, 66 Ma. Key localities discussed within the text 
are indicated with a star, the Chicxulub impact site is indicated with a sun and the Deccan Traps are 
indicated with a volcano. Map modified from Culver (2003). 
The effect of a large bolide impact may have suppressed photosynthesis, leading to 
mass extinctions on land and in the oceans. This would have been achieved by large 
amounts of fine pulverised rock from the asteroid and the impact site being ejected into 
the stratosphere upon impact. This debris would have stayed in the stratosphere for 
several years, reducing light from the Sun entering the atmosphere (Alvarez et al., 1980). 
This could, in effect, create what has been termed a “nuclear winter” scenario. This 
would lead to catastrophic environmental effects such as extended darkness (Toon et al., 
1983; Alvarez et al., 1984), global cooling and acid rain (Alvarez et al., 1984; Schulte 
et al., 2010), the consequences of which would affect both terrestrial and marine 
organisms. Various other consequences of the impact have been documented, such as 
  Chapter 2 - Background 
19 
 
tsunamis (Smit et al., 1992, 1996; Smit, 1999) and earthquakes with a magnitude >11 
(Schulte et al., 2010). 
The bolide impact hypothesis was further supported by the discovery of a circular 
magnetic and gravity anomaly at Chicxulub on the north-western margin of the Yucatan 
Peninsula, Mexico (Hildebrand et al., 1991) (Fig. 6). This potential impact crater is ~ 30 
km deep and between 170 km and 200 km in diameter (Keller, 2008; Urrutia-
Fucugauchi et al., 2008; Christenson et al., 2009; Schulte et al., 2010). It was 
demonstrated that Chicxulub was almost certainly the impact site as the crater dated to 
the K/Pg boundary (Hildebrand et al., 1991). This was the ‘smoking gun’ to the impact 
hypothesis. It must be noted, however, that Penfield and Camargo (1981) first identified 
Chixculub as a bolide impact crater, albeit not related to the K/Pg event, a decade earlier 
but it had failed to gain much attention. Chicxulub has subsequently been studied 
extensively and recorded as the youngest and best preserved of the four largest known 
terrestrial impact craters on Earth (Christenson et al., 2009).  
Other large terrestrial impact craters include the 2.02 Ga Vredefort Crater in South 
Africa (250-300 km in diameter), the 1.85 Ga Sudbury Crater in Canada (250-300 km in 
diameter) (Grieve and Therriault, 2000) and the > 3.9 Ga Maniitsoq Crater in Greenland 
(>500 km in diameter) (Garder et al., 2012). These other impact craters have been 
strongly deformed and heavily eroded while Chicxulub is relatively pristine owing to 
burial beneath ~1 km of carbonate rocks and the tectonically quiescent location of the 
impact site (Morgan et al., 1997; Christenson et al., 2009). Since the impact crater is so 
well preserved, this has enabled a number of studies to map and model the impact site. 
Gravity, seismic and palaeomagnetic studies, amongst others, have been utilised to 
accurately map the impact crater (see Christenson et al., 2009, fig. 1 and Morgan et al., 
2002, fig. 3, as examples). The impact at Chicxulub had an equivalent energy of 10 
million megatons of TNT, 1000 million times greater than the atomic bombs dropped 
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on Hiroshima during the Second World War (Cockell and Bland, 2005) and was large 
enough to throw into the atmosphere, severely deform, or indeed melt, billions of tonnes 
of rock (Ortiz-Aleman and Urrutia-Fucugauchi, 2010). This immediately created a 
transient crater reaching over 30 km depth prior to collapse and significantly upwraping 
the Moho by over 2 km at the centre of the impact and depressing the Moho by ~1 km 
at the crater’s margins (Christenson et al., 2009). 
Analysis of these studies and others, allowed Morgan et al. (2006) to conclude that a 
single bolide impact was responsible for the Chicxulub crater and that the impact was 
also a high angle, oblique impact. The significance of this is that oblique impacts are far 
more catastrophic than sub-vertical impacts because of greater volumes of volatiles that 
would have been released into the atmosphere upon impact. The obliquity of the impact 
is relatively high (impact angle of >45°) and probably directed from the southeast 
(Morgan et al., 2006). Chicxulub ejecta deposits, specifically the sizes of shocked 
quartz grains, were mapped around the world by Morgan et al. (2006) to construct an 
ejecta pattern for the K/Pg impact event. Low abundances of shocked quartz were 
present in the Pacific sites in relation to Atlantic and European sites, highlighting the 
variability between K/Pg boundary sites worldwide.  Denne et al. (2013) also concluded 
that a single, large bolide impact occurred at the K/Pg boundary. This impact, states 
Denne et al. (2013), produced seismic shocks that caused the collapse of proximal 
carbonate platforms and unstable shelf margins into the deep-water Gulf of Mexico as 
mass transport complexes. Denne et al. (2013) also rebut the findings of Keller et al. 
(2003, p. 365), which stated that the single impact theory “suffers from a lack of 
evidence of large-scale slumping” produced by Chicxulub. However, through industry 
seismic data and production wells from within the Gulf of Mexico, Denne et al. (2013) 
provided evidence for large-scale slumping caused by the Chicxulub impact. Denne et 
al. (2013) also state that this is evidence for a single impact and not multiple impacts 
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(see Keller et al., 2003; Jolley et al., 2010, 2013, as examples). This conclusion is alos 
in line with the findings of the majority of publications on the K\Pg boundary which 
state that there was one, significant bolide impact (e.g., Schulte et al., 2006, Schulte et 
al., 2012). The discovery of the Chicxulub impact crater was significant as impacts with 
crater sizes < 100 km cause little significant biotic or environmental effects (Keller, 
2008), which left the Chicxulub crater as the only contender for the bolide impact the 
K/Pg boundary. 
On the Demerara Rise in the western tropical North Atlantic, ODP Leg 207 (Fig. 2.6) 
recovered several K/Pg boundary sections, which contained the ejecta layer (MacLeod 
et al., 2007). This ejecta layer was contained within a 2-3 cm horizon between the 
highest Cretaceous Plummerita hantkeninoides Foraminiferal Zone and lowest 
Paleogene P0 Foraminiferal Zone. At the base of this ejecta layer, dramatically 
increased levels of Ir (~1.5 ppb), Co (60 ppm), Cr (100 ppm) and Ni (200 ppm) were 
recorded, which are significantly higher than background values both above and below 
the K/Pg boundary (Ir <0.1 ppb, Co ~5 ppm, Cr ~30 ppm , Ni 20-40 ppm) (MacLeod et 
al., 2007) (Fig. 2.7). The ejecta layer contained not only the chemical signal from a 
single, instantaneous extra-terrestrial impact but also contained impact spherules. These 
clay spherules were normally graded, decreasing in diameter from 1 to 2 mm at the base 
of the ejecta layer to <0.3 mm at the top of the layer (MacLeod et al., 2007) (Fig. 8). 
The normally graded spherule bed suggests a primary air-fall deposit that draped the 
seafloor across the Demerara Rise (MacLeod et al., 2007). Spherules, it is suggested, 
would have arrived at Demerara Rise about an hour after the impact (Alvarez et al., 
1995), with the largest spherules settling through the bathyal water column (~1500 m) 
in 1-2 hours (Gibbs et al., 1971; MacLeod et al., 2007) while the smallest spherules 
would have settled through the water column in 10-20 days (Gibbs et al., 1971; 
MacLeod et al., 2007).  
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Figure 2.7. Concentration of Ir, Co, Cu and Ni through core 1259C-8R-5 from Demerara Rise, plotted 
with biostratigraphical control. Taken from MacLeod et al. (2007). 
A natural test of the impact theory arose when the asteroid Shoemaker-Levy 9 was 
discovered and it was soon realised that it was heading towards Jupiter (Carlson et al., 
1997). This allowed scientists to witness and record a cosmic collision of this 
magnitude for the first time thanks, in part, to the Hubble Space telescope and the 
Galileo spacecraft (Pankine and Ingersoll, 1999). The impacts began on July 16
th
 1994, 
and were bigger than had been predicted, with the largest fragment (G) being of an 
equivalent size to that which struck at Chicxulub (Noll et al., 1996). Fragment “G” 
impacted with an estimated energy equivalent to 6,000,000 megatons of TNT and 
produced a fireball that rose over 3000 km above the Jovian cloudtops (Burton, 2006). 
The collision generated enormous circular seismic waves that spread from the impact 
site at a constant speed of 450 km/s and which were visible for over 2.5 hours (Ingersoll 
and Kanamori, 1994).  
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Figure 2.8. Thin section of the normal graded spherules from Demerara Rise on ODP Leg 207. Scale bar 
is ~1 cm. Photograph courtesy of P. Schulte.  
Although the Chicxulub impact crater appears to be the ‘smoking gun’ for the K/Pg 
boundary event, the suggestion that the impact caused a global mass extinction, as well 
as dramatic and catastrophic environmental changes, is still contested. One of the most 
controversial topics relating to the K/Pg sections in the Brazos River area of Texas is 
the original Chicxulub impact ejecta layer. This is reported to be significantly below the 
K/Pg boundary and, therefore, predates the end-Cretaceous mass extinction by about 
300,000 years (Keller et al., 2004, 2007). Furthermore, the K/Pg boundary event is a 
contentious subject that has been attributed by several authors as the result of a single 
bolide impact (Alvarez et al., 1980; Schulte et al., 2006, 2010; Kring, 2007, Morgan et 
al., 2008), several bolide impacts (Keller, 2003; Keller et al., 2003; Jolley et al., 2010, 
2013), or widespread volcanism (Wignall, 2001; Keller, 2003, 2008), or perhaps a 
combination of all these factors. There is also a tendency for some workers to mis-
correlate the boundary, despite there being an agreed GSSP (Molina et al., 2006) and a 
clear statement about the definition. For example, Yancey (1996, fig. 5), indicates two 
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K/Pg boundaries in the Brazos River area, Texas: an “impact defined” boundary and 
“microfossil defined” boundary. 
Some authors, however, remain sceptical to the idea of bolide impact(s) causing the 
major mass extinctions at the K/Pg boundary. For example, Twitchett (2006) states that 
all of the environmental consequences of a bolide impact that have been previously 
proposed are either untestable speculation, have since been disproven or may have been 
caused by terrestrial (i.e., non-impact related) events. Twitchett (2006) also speculates 
that, with the exception of species in the immediate vicinity, species all around the 
world do not have to become extinct just because there is a bolide impact somewhere on 
the Earth. Some authors have proposed mechanisms related to relative sea-level changes, 
or regional tectonics (Alegret et al., 2002; Lopez-Oliva and Keller, 1996; Stinnesbeck et 
al., 1996) that occurred over the K/Pg boundary interval. The associated mass 
extinctions across the boundary have been debated as either being a gradual or an 
instantaneous event (Schmitz et al., 1992) as well as the climatic effects associated with 
a possible asteroid impact. 
Large scale volcanism associated with large igneous provinces (LIP’s) certainly seems 
to correlate well with the K/Pg boundary event primarily through the Deccan Traps in 
India (Fig. 2.6) which were large enough to have a significant effect on global climate 
(Keller, 2003, 2008; Keller et al., 2008, 2009, 2011, 2012). It was identified in the late 
20
th
 Century (Courtillot et al., 1986; Courtillot et al., 1988; Duncan and Pyle, 1988) that 
the age of the Deccan traps was close to the K/Pg boundary and its duration less than 1 
Myr. Although the Deccan Traps released a significant amount of volcanic material 
through eruptions and large-scale flood basalts, this was not an instantaneous event and 
happened over a period of a few million years, with the main phase of volcanism 
occurring before the K/Pg event (Keller et al., 2009). Keller et al. (2008) states that the 
main voluminous Deccan eruptive phase ended near the K/Pg boundary and would have 
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been a major contributor to mass extinctions across the K/Pg boundary in the marine 
and terrestrial realm. Keller et al. (2009), however, reported the main volcanic phase 
(phase-2 eruptions, ~80% of total Deccan Traps) occurred in C29R (earliest Danian), 
while Schulte et al. (2010) reports the main eruption phase was ~400 to 600 thousand 
years before the K/Pg boundary. Keller et al. (2011) state that the main phase-2 
eruptions began in the latest Maastrichtian and ended at or near the K/Pg boundary, 
while the significantly smaller phase-3 eruptions began in the early Danian, near the 
C29R/C29n magnetostratigraphy boundary, correlative with the Planktic Foraminiferal 
Zone P1a/P1b boundary. Chenet et al. (2007) reported an earlier, smaller but significant, 
pulse of volcanism between 68 and 67 Ma, extending over at least 500 km in the 
northern part of the Deccan Traps. After 2 to 3 Ma of quiescence, the second, major 
phase of volcanism occurred near 65 Ma, expanding over most of the area covered by 
the first pulse and another 500 km to the South (Chenet et al., 2007). Kaminski et al. 
(2011) concluded that turbulent volcanic plumes can disperse fine ash particles and 
toxic gases in the atmosphere and can lead to significant temperature drops in the 
atmosphere. The climatic impact of an eruption depends on its ability to inject gases in 
the stratosphere and the eruption rate of Continental Flood Basalts (CFB’s), as seen in 
Deccan, are in general not large enough for volcanic plumes to reach the stratosphere on 
their own (Kaminski et al., 2011). Basaltic eruptions, however, are also associated with 
widespread lava flows, which lose large amounts of heat and generate convection in the 
atmosphere. The environmental consequences of CFBs are therefore controlled not by 
the inputs to the atmosphere from individual volcanic plumes, but by the dynamic 
response of the climate system to a succession of short eruptive pulses within a longer-
lasting eruption sequence (Kaminski et al., 2011). Keller et al. (2012) attributed the 
biologic effects of Deccan volcanism to indicate that the late Maastrichtian was a period 
of a highly stressed marine environment that prevailed into the early Danian. Keller et 
  Chapter 2 - Background 
26 
 
al. (2012) also attribute the Deccan Traps volcanism to account for the pre-K/Pg 
boundary extinction event specifically of planktic foraminifera and to profound climatic 
changes during the last 500 kyr of the Maastrichtian (Keller et al., 2002; Li and Keller, 
1998b). Keller et al. (2012) conclude that the effects of the widespread volcanism 
would have a profound effect worldwide and not just in the close proximity of the 
Deccan Traps. Late Maastrichtian climate warming has been attributed to greenhouse 
gas emissions from Deccan volcanism (Ravizza and Peucker-Ehrenbrink, 2003). Whilst 
it has been suggested that CO2 emissions were insufficient to account for the 3–4 °C 
warming, and attribute the end-Maastrichtian cooling to massive Deccan eruptions and 
SO2 emissions (see Chenet et al., 2007). The instantaneous nature of the climatic, 
biologic and chemical signals, such as mass extinctions (planktic foraminifera for 
example) does not conform to a large volcanic event lasting several million years.  
 
2.3. Foraminifera across the K/Pg boundary 
Foraminifera are marine protists and form an order (Foraminiferida) in the Phylum 
Protista: “Cytoplasmic body enclosed in a test or shell of one or more interconnected 
chambers…” (Loeblich and Tappan, 1987, p. 7). Foraminifera react to climatic 
variability and to oceanic parameters such as water temperature, salinity, water depth 
and substrate (e.g., Murray, 2006). Foraminifera can react in several ways to these 
changes, however subtle, through migration, evolution, position in the water column or 
extinction. Their diverse and abundant appearance within the fossil record makes them 
ideal proxies for climatic variability (Bignot, 1994) and can be used in ecological 
modelling (e.g., Koutsoukos and Hart, 1990; Hart, 2007).  
2.3.1. Planktic foraminifera 
Published work on foraminifera (benthic and planktic) across the K/Pg boundary is vast, 
but the focus for most published work concerning foraminifera is based around planktic 
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taxa. Planktic foraminifera live primarily in the upper 50 – 400 m of the water column 
(Schmitz et al., 1992) and show dramatic reductions in abundance and occurrence 
across the K/Pg boundary worldwide and indicate that environmental effects were 
largely restricted to shallow waters (Culver, 2003) – see Keller (1996), Molina et al. 
(1996), Keller (2000) and Keller et al. (2009), Smit (1982), Brinkhuis and Zachariasse 
(1988), Abramovich et al. (2011), Abramovch et al. (2003) as examples. Keller et al. 
(2002) reviewed the palaeoecology of planktic foraminifera through the K/Pg event and 
found that the extinction of planktic foraminifera was highly selective and reflected 
dramatic changes in temperature, salinity, oxygen and nutrients across the K/Pg 
boundary. Keller et al. (2002) concluded that around 75% of all planktic foraminiferal 
species disappeared at, or near, the K/Pg boundary, although is contested (see Schulte et 
al., 2006 as example). Only ecological generalists with a tolerance to variations in 
nutrients, oxygen, etc., are able to survive. Keller et al. (2002) also suggested that 
selective ecological opportunists – represented by biserial and triserial morphotypes – 
were able to survive, although their relative abundance decreased significantly across 
the boundary. This created a pseudo-mass extinction and a survivor assemblage of small 
surface dwellers and low oxygen tolerant taxa according to Keller et al. (2002).  
Keller et al. (2002) state that planktic foraminifera from low to middle latitudes were 
more affected by this mass extinction than those of higher latitudes. Smit (1982), 
Brinkhuis and Zachariasse (1988), Arenillas et al. (2000) and Keller et al. (2002) 
carried out detialed, amoungst many others, studies in Tunisia, including the GSSP El 
Kef section, the extinction event is selective with most of the tropical, complex and 
deeper-dwelling species disappearing below or at the K/Pg boundary whereas the 
majority of the small cosmopolitan surface dwellers survive into the Lower Danian 
(Luciani, 2002). Luciani (2002), Keller et al. (2002) and Li and Keller (1998a) also state 
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that, in Tunisia, extinctions of planktic foraminifera begin significantly below the 
boundary.  
In proximal Tethyan sections, a similar, selective extinction event is recorded in the 
planktic foraminiferal assemblages. As examples, Luterbacher and Premoli Silva (1964) 
discovered that large ornamented Cretaceous species (e.g., Globotruncana spp.) 
disappeared across the K/Pg boundary at the Bottaccione Gorge section in northern Italy. 
Luterbacher and Premoli Silva (1964) found that these large species were replaced (in 
the assemblage) by significantly smaller planktic forms such as heterohelicids and 
globorotalids (Fig. 2.9). Luciani (1997) describes the extinction at Vajont valley 
(northern Italy) of most of the large, ornate, late Maastrichtian species across the K/Pg 
boundary, with some distinctive Late Cretaceous species, mainly heterohelicids and 
hedbergellids, found more than 100 cm above the boundary. Although a relatively high 
number of species occur for the last time in the main extinction phase, non-keeled or 
weakly keeled, simple shaped forms (heterohelicids, globotruncanellids, hedbergellids) 
comprise most of the planktic foraminiferal assemblage, both in uppermost 
Maastrichtian and lowermost Danian beds (Luciani, 1997).  
Figure 2.9. Slides from the Contessa Highway section in Northern Italy. On the left, the slide represents 
the uppermost Maastrichtian, 5 cm below the K/Pg boundary, with lar ge, ornamented planktic 
foraminifera. On the right, the slide represents the lowermost Danian, 5 cm above the K/Pg boundary, 
with small, simplistic planktic foraminifera species dominating the assemblage. Scale bar ~2 mm. 
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At localities near Agost (Spain) the planktic foraminiferal mass extinction across the 
K/Pg boundary occurred over an extended period of time (Molina et al., 1996) and is, 
therefore, not an instantaneous event. The species that became extinct at the K/Pg 
boundary are large, complex, tropical and sub-tropical forms dwelling in deep and 
intermediate water depths. However, the small cosmopolitan surface dwellers with 
simple morphologies appear to survive into the Danian. Molina et al. (1996) concluded 
that the catastrophic pattern of extinction at the K/Pg boundary is compatible with the 
effect of a large meteorite impact, whereas the gradual and extended pattern of 
extinction across the Maastrichtian-Danian transition is compatible with temperature 
and sea level changes that may be related to massive volcanism. Similar changes were 
also observed by Gallala et al. (2008) at Bidart (south west France) where the tropical to 
subtropical deep-water dwelling globotruncanids (e.g. Contusotruncana spp., 
Globotruncana spp., Globotruncanita spp.) and complex heterohelicids (e.g. 
Racemiguembelina spp., Pseudotextularia spp., Gublerina spp.) are most affected, 
while “opportunistic” small and poorly diversified globigerinids dominate the lower 
Danian (Gallala et al., 2008).  
In Texas, large keeled planktic foraminifera such as globotruncanids and highly 
ornamented heterohelicids are the most noticeably affected groups across the K/Pg 
boundary (Keller et al., 2009). Despite the clear mass extinctions affecting the planktic 
foraminifera, especially the ‘globular’ species, the high diversity of planktic 
foraminifera display an overall selective extinction pattern as ecological generalists 
preferentially survive the K/Pg transition (Keller et al., 2009, figs 6 and 7). Keller et al. 
(2009) attribute the extinction of large keeled planktic foraminifera, large ‘globular’ 
species and highly ornamented heterohelicids, amongst other planktic foraminifera 
species, to a shallowing across the K/Pg boundary from open marine (deeper than 250 
m) to inner shelf (<30 m), although this large depth change has been questioned by Hart 
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et al. (2012). Keller et al. (2009) also attribute the drop in diversity and reduced adult 
species size, or dwarfing as a response to the high stress conditions in the immediate 
aftermath of the K/Pg boundary event.  
 
2.3.2. Benthic foraminifera 
Published work on benthic foraminifera across the K/Pg boundary, can be separated into 
papers related to three environments; shallow-water (neritic, less than 200 m water 
depth), intermediate-water depth (outer neritic to upper/middle bathyal) and deep water 
(bathyal to abyssal). This allows benthic foraminiferal changes from 50 m to in excess 
of 5,000 m water depth to be investigated and how the events that mark the K/Pg 
boundary affected each environment. Culver (2003) first attempted to collate the 
previously published work exclusively for benthic foraminifera across the K/Pg 
boundary and evaluate the changes with water depth. 
Shallow water benthic foraminifera across K/Pg boundary 
Shallow water (less than 200 m water depth) benthic foraminiferal studies across the 
K/Pg boundary are not well documented. Published work includes, but is not limited to, 
sites in the southern USA, in Texas (see Keller et al., 2009 and references therein) and 
Alabama (e.g., Olsson et al. 1996), northern Europe, such as the Danish sections at 
Stevns Klint (e.g., Schmitz et al., 1992; Hart et al., 2004, 2005) and Nye Kløv (e.g., 
Håkansson and Thomsen, 1999, although foraminifera are scarcely reported in this 
study), as well as sites in offshore East America, North Sea, Mexico, North Africa and 
Antarctica, e.g., Seldja, Tunisia (Keller et al., 1998), New Jersey (Olsson, 1960) and 
Seymour Island, Antarctica (Huber, 1988) (Fig. 6).  
 
In Texas, Plummer (1927) was the first to compare the Navarro (Maastrichtian) and 
Midway (Danian) benthic foraminiferal assemblages. Plummer concluded that the 
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benthic foraminiferal assemblage was indicative of a “comparatively shallow sea”. 
Plummer demonstrated that 9 species were restricted to the Navarro and 47 crossed the 
K/Pg boundary into the Midway. Sikora (1984) noted from north-central Texas that the 
benthic foraminifera of the Navarro and Midway assemblages were “fairly similar”, and 
agreed with Plummer (1927) that a significant number of benthic foraminifera cross the 
K/Pg boundary in Texas. Sikora (1984) also confirmed Plummer’s hypothesis of the 
water depth, concluding that in north-central Texas the benthic foraminiferal 
assemblage was indicative of an outer shelf environment (100 – 200 m). Sikora (1984) 
also notes that there was a significant reworking of Cretaceous species into the Danian, 
although a mechanism for this reworking was not stated. Keller (1992) further 
supported the results of Plummer (1927) and Sikora (1984) indicating that “no 
extinctions are apparent” in the benthic foraminiferal record across the K/Pg boundary. 
More recent publications from Brazos River, Texas, (see Schulte et al., 2006, Keller et 
al., 2007, Adatte et al., 2011 as examples) have been hampered by the debate 
concerning the placement of the K/Pg boundary at Brazos River and, therefore, the 
exact timing of any turnover across the K/Pg boundary. For example, Keller (1992) 
argued that the benthic foraminiferal turnover occurred well below the K/Pg boundary, 
while Schulte et al. (2006) rejected this suggestion on the basis that Keller and co-
authors placed the K/Pg boundary too high and that the turnover of both planktic and 
benthic foraminifera does not predate the K/Pg boundary. 
Further debate regarding the palaeoenvironment of the Brazos River sections relates to 
the possible presence of hiatus’ across the K/Pg boundary. MacLeod and Keller (1991) 
record a hiatus in the upper part of Zone P0 in the Danian (Culver, 2003), while Adatte 
et al. (2011) record a hiatus due to sub-aerial exposure and a mangrove environment 
existing in the lowermost Danian. Schulte et al. (2006) published specifically on the 
K/Pg benthic foraminifera from Texas, although, the focus of this study was 
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predominantly sedimentological and geochemical. As such, the foraminiferal data is of 
low resolution and is of secondary importance to the sedimentological and geochemical 
results. Schulte et al. (2006) record a “disaster assemblage” in the immediate aftermath 
of the K/Pg boundary dominated by epifaunal species, such as Lenticulina rotulata and 
Cibicides spp., followed by a gradual change in the benthic foraminifera to a Midway 
(Danian) assemblage. Schulte et al. (2006) also included some update to the benthic 
foraminiferal taxonomy from that of Cushman (1946, 1954), although, with no 
discussion, monographs, taxonomy, plates or SEM images included in the publication, it 
is not apparent which species they are referring to. As this is a multidisciplinary paper 
of the K/Pg transition at Brazos and it mainly concentrates on the sedimentology and 
mineralogy, while the benthic foraminifera are only mentioned in a short section, where 
no reference to Cushman´s material is made, no taxonomical information is given, and 
the low-resolution benthic foraminiferal results are only briefly described. Therefore, 
this cannot be considered as the first paper to update Cushman´s taxonomy. Some work 
(and much more detailed) had been done before (e.g., Van Morkhoven et al., 1986; 
Alegret and Thomas, 2001 on Mexican material). These monographs address 
taxonomical problems and include taxonomical discussions on some of the species that 
have been identified at Brazos, as well as work done by Berggren and Aubert (1975), 
which dealt with Midway-type faunas from the Atlantic-Tethyan region. Schulte et al. 
(2006) conclude that benthic foraminifera in the Brazos area declined in dominance, 
possibly through emigration to other areas, only to reappear in the area when more 
favourable conditions returned. This implies that “Elvis Taxa” (Erwin and Droser, 1993) 
and “Lazarus Taxa” (Batten, 1973) may be present within the K/Pg benthic assemblages 
in the Texas sections, and may be responsible for the major assemblage changes across 
the K/Pg boundary.  
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In contrast the work carried out at Stevns Klint, Denmark where shows an abrupt 
extinction of benthic organisms occur at the boundary, with few species surviving into 
Cenozoic (see Schmitz et al., 1992, fig. 3). Late Cretaceous marker species such as 
Bolivinoides peterssoni and Stensioeina pommerana (Schmitz et al., 1992; Hart et al., 
2004, 2005; Leighton, 2009) as well as agglutinated species such as Marsonella spp. 
and Ataxophragmium spp. decrease rapidly and terminally across the K/Pg boundary 
(Fiest, 2001; Leighton, 2009). The chalks and limestones at Stevns Klint were deposited 
within a shallow epicontinental sea at water depths of 100 – 250 m (Håkansson et al., 
1974; Bromley, 1979). Prior to the boundary, a decrease in sea level <70 m is recorded 
by a dramatic decrease in abundance of outer shelf taxa such as Tappania selmensis and 
Gyroidinoides spp. as well as an increase in abundance in mid-inner shelf benthic taxa 
such as Praebulimina cushmani, Rosalina spp. and Pyramidina cimbrica (Schmitz et al., 
1992; Hart et al., 2005; Leighton, 2009). Reappearances and increases in abundance of 
Tappania selmensis and Gyroidinoides spp., amongst other species, immediately below 
the K/Pg boundary and continuing into the early Danian appear to show a return to outer 
shelf conditions and a transgressive event which can be confidently argued, began prior 
to the K/Pg boundary. Hart et al. (2004, 2005) also suggest that the dissolution in the 
boundary clay and up into the lower Danian limestones could reduce or alter the 
foraminiferal data. Culver (2003) noted that severe dissolution in the boundary clay 
results in inflated relative abundances of solution-resistant taxa such as Cibicidoides 
alleni, Cibicidoides succedens and Osangularia lens. Culver (2003) also concluded that 
for this reason, and as a result of the presence of two hiatuses in the early Danian, it was 
not possible to evaluate extinction (or lack of it) at the K/Pg boundary in this section. 
Problems with the micropalaeontological record also exist in the significant lateral 
biostratigraphical differences along Stevns Klint as recorded by Rasmussen et al. (2005). 
The presence (or not) of hiatus’ at Stevns Klint over the K/Pg boundary is also a 
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contested subject and again has caused disagreement. For example, Håkkansson and 
Hansen (1979) inferred the presence of a hiatus at the K/Pg boundary, while Schmitz et 
al. (1992) described a series of hiatus’ through the early Danian, higher than the K/Pg 
boundary. 
Dissolution is also a major factor on Seymour Island, Antarctica (Huber, 1988) and this 
affects the perceived signal of the benthic foraminifera across the K/Pg boundary. 
Agglutinated foraminifera dominate the Cretaceous benthic foraminiferal assemblage 
where calcareous taxa have been dissolved (Huber, 1988) in a setting interpreted as a 
low-oxygen, chemically reducing environment (Culver, 2003). The conclusion that 64% 
of benthic species do not cross the K/Pg boundary is stated by Huber (1988) to be 
inflated and thus Seymour Island cannot be used to assess extinction patterns across the 
K/Pg boundary, due primarily to dissolution but also due to a dearth of fossiliferous 
samples and significant facies changes across the K/Pg boundary.  
At Miller’s Ferry, Alabama, this section is perhaps the shallowest K/Pg section 
investigated for benthic foraminifera with an estimated palaeo-water depth of 30 – 100 
m (Olsson et al., 1996). This section is the most disrupted outside of the Mexican 
sections (see Stueben et al., 2005 and references therein as examples) to display the 
possible tsunami-generated deposits related to the Chicxulub impact (Culver, 2003). 
Olsson et al. (1996) state that if “a disruption of benthic assemblages following the K/T 
(K/Pg) event may have occurred, but if it did, benthic assemblages recovered rapidly” 
and that “most of these species have geologic ranges in the Cretaceous and Tertiary”. 
Olsson et al. (1996) also state that there was no significant change in sea level at the 
K/Pg boundary and that sea level was at a low stand. Unfortunately this locality is no 
longer accessible as the valley dammed and flooded in the late 20
th
 Century. The 
findings of Olsson et al. (1996) are similar to those from Texas, which indicate that the 
benthic foraminiferal assemblage was scarcely affected and many species continued into 
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the Danian. New Jersey K/Pg boundary sections are also described as neritic (Olsson, 
1960; Miller, 1982) but the benthic foraminiferal assemblages show genuine extinctions 
at a much higher rate across the K/Pg boundary (Olsson, 1960; Sikora, 1984) and are 
greatly different from the comparable water depth sections on the Gulf Coast (Texas 
and Alabama).  
Benthic foraminiferal assemblages in shallow water depths appear largely unaffected by 
K/Pg boundary events. Culver (2003) concluded that “shallow water benthic 
foraminifera were not more severely affected than deeper species”. Instead, sea level 
fluctuation occurring throughout the latest Maastrichtian and into the Danian, 
apparently independent from K/Pg boundary events, was the major factor affecting the 
assemblages. Where assemblages were affected by the K/Pg boundary event, they 
recovered rapidly to an assemblage that was largely similar to that of a late 
Maastrichtian assemblage. 
Intermediate water benthic foraminifera across K/Pg boundary 
Intermediate water (outer neritic to inner/middle bathyal) benthic foraminiferal studies 
include investigations at the El Kef K/Pg boundary GSSP section, Tunisia (see Keller, 
1992; Speijer, 1994; Keller et al., 1995; Speijer and Van Der Zwaan, 1996; Peryt et al., 
2002; Alegret, 2008; Coccioni and Marsili, 2007 as examples). Keller (1992) suggests 
that the Upper Maastrichtian at El Kef was subject to sea-level changes from upper 
bathyal to outer neritic and shallowed to middle neritic across the K/Pg boundary – 
although this sea level fluctuation is hundreds of metres change and it is unclear what 
mechanism for this Keller (1992) is proposing for this. These changes, Keller (1992) 
argues, were already subjecting the benthic foraminiferal assemblage to change, 
regardless of the K/Pg boundary event. Speijer and Van Der Zwann (1996), however, 
dispute the magnitude of sea-level fluctuations reported by Keller (1992). Regardless, 
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Keller (1992) characterised the benthic foraminiferal turnover at the K/Pg boundary as 
“abrupt” and “dramatic” faunal change. From species typical of oxygen-rich 
environments to an assemblage composed of epifaunal and infaunal taxa that were 
tolerant of low-oxygen conditions, although extinctions were low and do not directly 
coincide with the K/Pg boundary event. Speijer and Van Der Zwann (1996) conclude 
that the changes to the benthic foraminiferal assemblage from a latest Maastrichtian, 
diverse assemblage across the K/Pg boundary, which was indicative of high organic 
carbon flux to low diversity, high dominance, shallow water assemblage. This indicated 
considerable oxygen deficiencies to changes in the oxygen minimum zone across the 
K/Pg boundary. Speijer and Van Der Zwann (1996) explain the changes to the benthic 
foraminiferal assemblage to be applicable to Lazarus taxa, which return further into the 
early Danian and a gradual return to normal, oxygenated assemblages (Speijer and Van 
Der Zwann, 1996; Culver, 2003; Peryt et al. 2002; Coccioni and Marsili, 2007). 
K/Pg boundary sections at Agost and Caravaca, Spain, also display large fluctuations in 
water depth in the latest Maastrichtian through to the early Danian from bathyal to 
neritic (Keller, 1992; Coccioni et al., 1993; Pardo et al., 1996; Alegret et al., 2003) and 
are not coincident with the K/Pg boundary event. Although, again, this sea level 
fluctuation is hundreds of metres change and it is unclear what mechanism Keller (1992) 
is proposing for this and is again disputed by Speijer and Van Der Zwann (1996). 
Although no major extinctions of the benthic foraminiferal assemblages are observed at 
these sections, faunal turnover is again observed (Coccioni et al., 1993; Pardo et al., 
1996; Alegret et al., 2003). However, as in other sections worldwide, these changes are 
attributed to the presence of Lazarus taxa, with most species returning into the Danian 
when favourable conditions return (Coccioni et al., 1993; Pardo et al., 1996; Alegret et 
al., 2003). At Caravaca, Coccioni et al. (1993) describe the earliest Danian as being a 
period of increased and sudden nutrient flux to the sea floor, probably as a result of 
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mass mortality in the surface waters. Alegret et al. (2001; 2005) and Alegret and 
Thomas (2005) also studied intermediate water depth K/Pg sections in the Gulf of 
Mexico. 
To summarise, benthic foraminiferal assemblages at intermediate water depths do not 
display a mass extinction event, but major assemblage turnovers are observed, due to 
nutrient supplies to the sea floor and oxygenation of intermediate water depths. A return 
to benthic assemblages similar to those of the latest Maastrichtian occurs in the early 
Danian, largely due to Lazarus taxa returning along with more favorable conditions. 
Deep-water benthic foraminifera across K/Pg boundary 
Deep-water (bathyal to abyssal) investigations are perhaps the most documented of all 
K/Pg benthic foraminiferal studies. This is largely due to the K/Pg sections that have 
been drilled by the Deep Sea Drilling Project (DSDP) and Ocean Drilling Project (ODP) 
and the Integrated Ocean Drilling Programme (IODP) Some examples of these include;  
 Maud Rise, Weddell Sea, ODP Sites 689 and 690, see Thomas (1990a) as 
example; 
 Lord Howe Rise, Tasman Sea, DSDP Site 208, see Thomas (1990b) and 
references therein; 
 Rio Grande Rise, South Atlantic, DSDP Site 516, see Dailey (1983) as example;  
 Broken Ridge, eastern Indian Ocean, ODP Site 752, see Nomura (1991) and 
references therein); 
 Shatsky Rise, North Central Pacific, Site 465, see Alegret and Thomas (2005) as 
example; 
 Walvis Ridege, SE Atlantic, Site 1262, see Alegret and Thomas (2007) as 
example; 
 Hess Rise, SE Atlantic, see Alegret and Thomas (2009) as example. 
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Also K/Pg boundary sections encircling the Tethys region, now exposed on continental 
Europe are well exposed and/or studied. Some examples of these include 
 Monte Giglio, Italy, see Beckmann et al., 1982 as example; 
 Coldorso, Italy, see Coccioni and Savelli, 1983 as example; 
 Gubbio, Italy, see Kuhnt, 1990 as example; 
 Basque Basin, Northern Spain, see Kuhnt and Kaminski, 1993 as example. 
Alegret and Thomas (2007) describe a distinct lack of extinctions within the benthic 
foraminiferal assemblage at Walvis Ridge (eastern South Atlantic Ocean; Fig. 2.6). The 
upper Maastrichtian assemblages are diverse and heterogeneous, suggesting 
mesotrophic conditions at the sea floor, but whilst there were no significant extinctions 
of benthic foraminifera at the K/Pg boundary, there was a drastic decrease in diversity 
and heterogeneity of the assemblage (Alegret and Thomas, 2007). This was coupled 
with a dominance of opportunistic taxa during the Danian, suggesting major 
environmental instability just after the K/Pg boundary event which Alegret and Thomas 
(2007) attribute to increases of organic carbon flux immediately after the K/Pg 
boundary. At site ODP leg 208 on the Walvis Ridge, Alegret and Thomas (2007) 
conclude that agglutinated benthic foraminifera preferentially dominate the lowermost 
Danian as part of the infaunal niche, possibly as the result of the rise in the calcium 
carbonate compensation depth, and continued to dominate until mesotrophic conditions 
returned later in the Danian. 
Alegret and Thomas (2009) also studied over the K/Pg boundary the benthic 
foraminiferal assemblages at Shatsky Rise (north-west Pacific Ocean) and Hess Rise 
(Pacific Ocean) (Fig. 2.6), which have a palaeobathymetry of lower bathyal-upper 
abyssal (1500-2000 m) and lower bathyal (~1500 m) respectively, in order to compare 
these assemblage changes with depth. At both sites, diversity and heterogeneity 
decreased rapidly across the K/Pg boundary and then recovered. Assemblages at both 
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sites show a similar pattern of turnover from the uppermost Maastrichtian into the 
lowermost Danian. Based on the changes to the benthic assemblage, Alegret and 
Thomas (2009) suggest that the food supply to the deep sea in the Pacific Ocean 
apparently increased rather than decreased in the earliest Danian. The low benthic 
diversity during a time of high food supply indicates a stressed environment, which may 
have been caused by reorganization of the planktic ecosystem following its collapse. 
According to Alegret and Thomas (2009), the deep-sea benthic foraminiferal data are in 
strong disagreement with the hypothesis that the global deep-sea floor became severely 
food-depleted following the K/Pg extinction due to the mass extinction of primary 
producers (“Strangelove Ocean Model”) or to the collapse of the biotic pump (“Living 
Ocean Model”). Alegret et al. (2012) attribute the marine mass extinctions may have 
been caused by a transient period of extreme acidification of surface waters. 
In the Spanish sections from the Basque-Cantabrian Basin and in South-eastern Spain, 
Alegret (2007) states that the benthic foraminiferal assemblages also exhibit 
mesotrophic conditions in the uppermost Maastrichtian. A drastic decrease in the 
nutrient supply to the sea floor coincides with the K/Pg boundary, and recovery of the 
assemblage is recorded through the lowermost Danian. Benthic foraminiferal 
assemblages from the early Danian suggest environmental instability in the Basque–
Cantabrian Basin and in Southeastern Spain. Such environmental stress is related to the 
collapse of the food web, possibly due to the extinction of calcareous primary producers, 
but also to a rapidly changing food supply driven by phytoplankton blooms (Alegret, 
2007). Although stabilization of the surface water ecosystem occurred in the early 
Danian, the food supply to the benthos had not completely recovered, at least, 200 kyr 
after the K/Pg boundary, although a dominance of epifaunal taxa (e.g., Globorotalites, 
Osangularia) suggests food supply remained low well into the Danian. Widmark and 
Speijer (1997) conclude that these pulses of the food supply to deep (abyssal) 
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environments in the deep-sea Tethys may invoke variations in trophic levels between 
oligotrophic and mesotrophic conditions and may be enough to sustain such large 
opportunistic populations. 
Deep-water benthic foraminiferal assemblages appear to have reacted independently to 
changing conditions throughout the Maastrichtian and through into the Danian, far 
removed from the K/Pg boundary event, as is also seen with shallow water benthic 
foraminifera. Deep-water assemblages have been shown to react to an increased, or 
decresed, amount of nutrient supply in the immediate aftermath of the K/Pg boundary 
event. Upper Maastrichtian assemblages were diverse and heterogeneous, suggesting 
mesotrophic conditions at the sea floor with few extinctions of benthic foraminifera at 
the K/Pg boundary, there was a decrease in diversity and heterogeneity of the benthic 
foraminiferal assemblage and a dominance of opportunistic taxa during the Danian. 
Culver (2003) concluded that shallow-water benthic foraminifera were not less severely 
affected than deeper dwelling species, while true extinction is generally quite low – no 
matter what the water depth or latitude. Culver (2003) also states that there appears to 
be a preferential survivorship of epifaunal species into the Danian with a short interval 
dominated by infaunal taxa in the earliest Danian, coincident with increased amounts of 
organic matter input at the boundary, followed by a sudden collapse in primary 
productivity. In deeper waters, some sites recorded a short-lived, opportunistic, low 
diversity assemblage dominated by infaunal species (Culver, 2003). Whilst true 
extinctions were low, benthic foraminifera survived the K/Pg boundary events well 
regardless of water depth, latitude or habitat or, indeed, proximity to the bolide impact 
at Chicxulub. Where response to the K/Pg boundary events was severe, within a few 
thousand to a few hundred thousand years, Lazarus taxa returned to rebuild/reform 
essentially a pre-extinction assemblage (Culver, 2003). As such, benthic foraminifera 
appear to possibly indicate a migration pattern and not an extinction pattern across the 
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K/Pg boundary, although these Lazarus taxa may have decreased to a very low 
abundance and not necessarily migrated away. 
Summary 
In summary, benthic foraminifera were largely unaffected across the K/Pg boundary, 
and do not demonstrate a mass extinction. Changes to the benthic foraminiferal record 
may be largely due to changes in sea-level or the result of a collapse of pelagic food 
webs (Alegret and Thomas, 2001; Alegret et al., 2002) or as the result of changes to 
primary productivity or export productivity or caused by a transient period of extreme 
acidification of surface waters that caused the marine mass extinction after the K/Pg 
boundary event as the oceans may have been relatively eutrophic, supporting plankton 
blooms, while oceanic productivity recovered rapidly (Alegret et al., 2012). Culver 
(2003) also concludes that shallow-water benthic foraminifera were less severely 
affected than deeper dwelling species, while true extinction is generally quite low – no 
matter what the water depth. The comparison of shallow-water benthic assemblages to 
those in deeper water also allowed Culver (2003) to determine if any biotic changes 
began before the boundary in shallow and intermediate depth waters and at the 
boundary in deep waters. In Culver’s concluding statement (Culver, 2003, p. 220) he 
makes it clear that benthic foraminifera survived the K/Pg event and late Maastrichtian 
environmental instability “rather well”, no matter the water depth, paleogeographical 
locality or environmental habit. However, Culver (2003) adds that there was – at the 
time – insufficient data in quality, quantity and geographic range to conclude any global 
patterns of extinction. This study aims to asses in great detail the changes to the benthic 
foraminiferal assemblage across the K/Pg boundary in the Brazos River, Texas, and 
compare those results to other K/Pg sites worldwide. 
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3. GEOLOGICAL SETTING AND STRATIGRAPHY 
3.1. Geological Setting 
The Brazos River area, Falls County, Texas, is located approximately 150 miles NW of 
Houston (Fig. 3.1). In this area the Cretaceous/Palaeogene (K/Pg) boundary strikes NE-
SW, crossing the flood plain of the Brazos River 10 miles south of Marlin (Fig. 3.2.). 
This area of the Gulf Coastal Plain contains a near-continuous record of siliciclastic 
deposition during the Late Cretaceous and the early Paleogene (Davidoff and Yancey, 
1993). At the time of the K/Pg boundary, the Brazos River area was in relatively 
shallow water, maximum depth of 50 – 150 m in an inner to mid-shelf (Schulte et al., 
2006; Yancey and Liu, 2013) at the southern entrance of the Western Interior Seaway 
(Gale, 2006; Schulte et al., 2006). During most of the Cretaceous, this seaway 
connected the developing Atlantic Ocean with the Boreal Ocean, but was much reduced 
during the end Cretaceous sea-level fall (Kennedy et al., 1998; Prauss, 2009). The 
sediment supply was greater than the development of accommodation space on the 
continental shelf (Schulte et al., 2006) and this resulted in an outward prograding shelf 
margin and an overall shallowing trend from the latest Cretaceous to the late Eocene 
(Davidoff and Yancey, 1993; Schulte et al., 2006). The geological map of the area, (Fig. 
3.2) shows a predominately NE-SW strike of the units that dip and young towards the 
SE and the Gulf of Mexico. Comparable K/Pg boundary sections are also present in 
central Alabama and Mississippi (Fig. 3.1). 
 
3.2. Stratigraphic Framework 
The beds examined in this study belong to the Corsicana Formation and the Kincaid 
Formation (Fig. 3.3). This stratigraphical terminology follows Keller (1989) and 
Yancey (1996). The Corsicana Formation is of late Maastrichtian age, with the Kincaid 
Formation of earliest Danian age. The Kincaid Formation can be further separated into 
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the Littig Member and the Pisgah Member, although this work only considers the Littig 
Member. Planktic foraminifera biostratigraphy is well constrained with the planktic 
foraminiferid Plummerita hantkeninoides defining biozone CF1 and, therefore, the 
latest Maastrichtian. Planktic foraminiferal zonation of the early Danian follows the 
zonations of Berggren et al. (1995), while the calcareous nannofossil zonation will refer 
to the zonation of Pospishal (1994). The placement and definition of the K/Pg boundary 
follows the definition of Molina et al. (2006) which was agreed by the International 
Commission on Stratigraphy (ICS). The age of the K/Pg boundary is set at 66 Ma as 
defined by the International Chronostratigraphic Chart 2012 by the ICS. 
Figure 3.1. Palaeogeographical reconstruction of the Gulf of Mexico at the K/Pg boundary. Probable land 
mass is shown in yellow. The Chicxulub impact site is shown along with the Brazos locality as well as 
comparable localities in Alabama and Mississippi, indicated by the red stars, while Houston is marked 
with the blue cross. Modified from Gale (2006).  
Houston 
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Figure 3.2. Geological map of the Brazos River area in southern Texas. The study area, in and around the 
Brazos Rose Ranch, is highlighted within the black box. Within this box, the green shaded lithologies 
belong to the Navarro Group (Upper Cretaceous) while the brown shaded lithologies belong to the 
Kincaid Formation (Paleogene) and are separated by a red line indicating the regional K/Pg boundary 
position. The alluvium of the Brazos River is in yellow with the older (Pleistocene) terrace deposits in 
orange. Geological map taken from Bureau of Economic Geology, Geological Map of Texas, 1992, The 
University of Texas at Austin. 
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Figure 3.3. Stratigraphic framework for the outcrops at the Brazos River area. Terminology follows 
Keller (1989) and Yancey (1996). The age of the K/Pg boundary is set at 66 Ma as defined by the 
International Chronostratigraphic Chart 2012 by the ICS and Grandstein et al. (2012). 
A summary lithological log with all relevant observations, abbreviations and stratigraphic 
framework can be seen in Figure 3.4. A complete description and discussion of the 
sedimentological units, features and interpretations are covered in Chapter 6 (Sedimentology).  
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Figure 3.4. Composite log of outcrops in the Brazos River area based on field observations of 
creek and riverbank exposures. K/Pg boundary placement based on the definition of the ICS and 
Molina et al., (2006). Abbreviations after Yancey (1996); HCS, Hummocky Cross Bedded 
Sandstones; LCH, Lower Concretion Horizon; MSB, Middle Sandstone Bed; DSB, Dirty 
Sandstone Bed; UCH, Upper Concretion Horizon; RPH, Rusty Pyrite Horizon. More in depth 
sedimentological descriptions will be discussed in Chapter 6. 
HCS 
LCH 
MSB 
DSB 
UCH 
RPH 
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3.3. Brazos River, Texas 
The significance of the Brazos River area as an important K/Pg site has been known for 
several decades and is comparable (in status) to the El Kef stratotype section in Tunisia 
(Keller, 1989a, b; Barrera and Keller, 1990). The sedimentology and palaeontology of 
the Brazos River area has been described by Plummer (1929), Jiang and Gartner (1986), 
Hansen et al. (1987) and Bourgeois et al. (1988) using both field data and information 
from a series of boreholes that were drilled for the USGS. The near-complete 
succession is tectonically stable and unaffected by excessive burial (Keller et al., 2007; 
Keller and Adatte, 2011 and papers therein). The area  not only contains the supposed 
ejecta from the Chicxulub impact (Schulte et al., 2006) but also represents an area that 
may have been affected by a tsunami from the impact which was approximately 1000 
km away (Keller et al., 2003, 2009; Gale, 2006).  
 
Several studies have focused on the Brazos River outcrops and investigated the 
sedimentology (e.g., Yancey, 1996; Gale, 2006), geochemistry (e.g., Heymann et al., 
1998; Keller, 2007; Schulte et al., 2006) and palaeontology (e.g., calcareous 
nannofossils, Jiang and Gartner, 1986; ammonites, Kennedy et al., 2001; planktic 
foraminifera, Keller et al., 2007, 2009; dinoflagellate cysts, Prauss, 2009). Most studies 
have been multidisciplinary. For example, Schulte et al. (2006) combined 
micropalaeontological data from benthic foraminifera, sedimentology and geochemistry 
with sequence stratigraphy to formulate a number of concise and compelling 
conclusions. The drilling of the Mullinax cores (#1-3) in 2005 to the west of the Brazos 
River (Keller et al., 2007) has provided fresh material and is the source of much of the 
on-going work and recently published literature (e.g., Keller et al., 2007, 2009; Prauss, 
2009; Adatte et al., 2011; Hart et al., 2011, 2012). 
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Despite the significant volume of published literature on various aspects of the Brazos 
River area, there is a considerable degree of discord amongst K/Pg boundary workers as 
to some of the interpretations based on these sections. Most of the controversy 
surrounds the presence of a relatively thin sandstone unit, which is highly variable both 
laterally and in thickness (Yancey, 1996). These sandstones lie above a spherule-rich 
bed which, in turn, rests upon an eroded succession of Cretaceous shales and 
mudstones. The spherule-rich layer has been described by Keller et al. (2007, and 
references therein) as being derived from the Chicxulub impact and, with the overlying 
sandstones has become known as the ‘Event Bed’. This spherule-rich horizon contains 
phosphatic clasts, glauconite, altered spherules (Keller et al., 2007), shelly material and 
carbonate ejecta spherules (Yancey and Guillemette, 2008). The sandstone unit has been 
interpreted as a tsunami deposit by Olsson and Liu (1993), Smit et al. (1996), Schulte et 
al. (2003) and Lawton et al. (2005). Other workers have described this unit as an 
incised channel fill resulting from a latest Maastrichtian lowstand (Stinnesbeck et al., 
1996) or as the result of massive storms in the Gulf of Mexico immediately after an 
impact at Chicxulub (Yancey, 1996; Gale, 2006), although the duration and intensity of 
these storm events is unclear. 
 
The main reason for the differing interpretations is that the sandstone beds contain 
hummocky cross-stratification (HCS), parallel ripple packages, large trace fossils, shell 
horizons and laminated sandstone and mudstone horizons (Yancey, 1996; Hart et al., 
2012), which are not consistent with deposition in the few hours taken by the tsunami 
and its reflected waves. Evidence from the 2005 tsunami in Indonesia suggests that all 
the waves (primary and secondary) would be over in 4-5 hours (G. Sharpiro, pers. 
comm, 2012). The cross-stratification may be explained by episodes of backwash flow 
during a tsunami event that moved in a landward to seaward direction and may have 
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influenced sediment redeposition (Dawson and Stewart, 2007). An alternative argument 
is that of Yancey (1996), Gale (2006) and Hart et al. (2011), amongst others, that large 
storms and hurricanes in the Gulf of Mexico immediately following the events 
associated with the impact created these tempestite deposits. These models would 
account for the transportation of clastic material onto the shelf: the 
micropalaeontological data indicate a middle to outer shelf environment (70 – 100 m) 
(Hart et al., 2012; Yancey and Liu, 2013), whilst the sedimentological interpretation of 
these deposits are suggestive of tempestites (Gale, 2006). Adatte et al. (2011), however, 
insist that these sandstone bodies were re-deposited in a series of scoured channels 
(incised valleys) and do not relate, in any way, to either tsunami or tempestite events. 
Adatte et al. (2011) also place their K/Pg boundary almost a metre above these 
sandstones and argue that this was a period of erosion due to sub-aerial exposure and 
that the K/Pg boundary is defined by a hiatus. Adatte et al. (2011, p. 61, figure 17) state 
that there is evidence of large rootlets and a paleosol above and below this hiatus 
(specifically seen in core Mullinax-3), concluding that these very shallow waters (<10 
m) are evidence of a mangrove environment within this period. This dramatic sea-level 
fall of < 150 m at the K/Pg boundary, according to Adatte et al. (2011), or in the early 
Danian, using the K/Pg boundary of Schulte et al. (2006), would surely be recorded 
worldwide, but this is not the case. In the chalk succession of Stevns Klint, Denmark, 
however, the opposite is recorded where the sea-level oscillates after a period of sea-
level rise from middle to outer shelf environment across the K/Pg boundary (Schmitz et 
al., 1992; Leighton, 2009). 
 
The placement of the K/Pg boundary is a contested subject in the Brazos River sections 
and, along with the origin of the sandstone unit, is the main source of discord. Keller et 
al. (2007, 2008) argue that a smectite-rich impact fallout horizon is present within the 
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uppermost Cretaceous sediments in Cottonmouth Creek and must define the K/Pg 
boundary (Keller, 2000). Keller et al. (2007) state that this horizon is the fallout from 
Chicxulub impact event, even though it is ~70 cm below the proposed tsunami deposits. 
Keller et al. (2003) argue that multiple impacts must have occurred, even though no 
physical evidence of multiple bolide impact craters over c. 150 km wide have been 
found. Keller et al. (2007) also state that the presence of impact spherules in the base of 
boundary complex further up the section indicates a second impact. Keller et al. (2007) 
also indicate that the presence of the Chicxulub impact fallout in this lower, thin, 
weathered, yellow/orange horizon, occurring before biological changes in the latest 
Maastrichtian, mean that the Chicxulub impact predates the K/Pg boundary by 300,000 
years. This yellow/orange layer has, however, been shown to contain zircons, sanidine 
and apatite crystals of volcanic origin (Schulte et al., 2006) and has recently been 
confirmed as a bentonite (Hart et al., 2012, fig. 6), therefore removing the need for 
multiple impacts and/or major extinctions pre-dating the K/Pg boundary. Keller et al. 
(2009) and, most recently, Adatte et al. (2011), have, again, moved the K/Pg boundary 
~ 70 cm above the ‘Event Bed’ correlating their K/Pg  boundary to a negative excursion 
of δ13C and extinction of late Cretaceous planktic foraminiferal species, regardless of 
sedimentological features or official definitions of the K/Pg boundary (see Molina et al., 
2006). Schulte et al. (2006) and other workers also place the K/Pg boundary above the 
HCS boundary complex arguing that if these deposits are the result of a tsunami from an 
impact at Chicxulub then their presence must define the boundary. 
 
The base of the Danian, and therefore the K/Pg boundary, is not defined as the Iridium 
spike as is commonly reported, nor the major negative excursion of the δ13C stable 
isotope signal which is also frequently, wrongly, reported. The iridium anomaly actually 
overlays the base of the boundary clay by ~1-2 mm at the El Kef GSSP (Molina et al., 
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2006). In the Brazos River area, the K/Pg boundary drawn by Keller et al. (2009) and 
Adatte et al. (2011), and references therein, is incorrect as it is based mostly on the 
negative excursion of the δ13C stable isotopes which is located well above the boundary 
complex (~60 cm). This is despite the Episodes publication of Molina et al. (2006), 
commissioned by the ICS (International Commission on Stratigraphy) and the ISPS 
(International Subcommission on Palaeogene Stratigraphy). Molina et al. (2006) clearly 
state however that the boundary is “precisely defined by the horizon corresponding to 
the moment of the meteorite impact” and that “this implies that all sediments generated 
by the meteorite impact belong to the Danian”. As a result of this definition, in the 
Brazos River area, the K/Pg boundary of Keller et al. (2009) and Adatte et al. (2011) is 
~1 m too high and, therefore, subsequent conclusions based on this placement are 
incorrect. Indeed, one could argue, that Keller (2000) and Keller et al. (2007) should 
have drawn their K/Pg boundary even further down the section at the “checto-smectite” 
yellow/orange layer exposed at Cottonmouth Creek as they state that this thin horizon is 
evidence of the Chicxulub impact fallout, therefore it is post impact and, using the 
definition of Molina et al. (2006), defacto should belong to the Danian ~2 m below the 
boundary of Keller et al. (2009). The conclusions of Keller et al. (2007) have been hotly 
contested (see Schulte et al., 2008, 2010; Keller et al., 2009). In the Brazos River area, 
the K/Pg boundary must be drawn at the erosion surface at the base of the spherule 
horizon, below the boundary complex or – where present – the base of the mudstone 
conglomerate (Yancey 1996; Yancey and Liu, 2013). Every publication post-Molina et 
al. (2006) should have used this definition. The fact that most publications since 2006 
have not used this definition only adds to the confusion and debate surrounding the 
K/Pg sections in the Brazos River area. This is also true in Alabama and Mississippi, 
where a range of K/Pg boundaries have been used (MBH., pers. comm. 2012/2013) over 
the last 30 years. 
  Chapter 3 – Geological Setting and Stratigraphy 
52 
 
3.4. Biozone P0 
Biozone P0 has been hypothesised as being of global significance by Macleod and 
Keller (1991), being situated within the boundary clay interval of earliest Danian age. 
Biozone P0 is based on the absence of the planktic foraminifera 
Parvularugoglobigerina eugubina from an interval of 40 – 50 cm above the Ir anomaly 
in the boundary stratotype at El Kef, Tunisia (Smit, 1982; Keller, 1988). The 
fundamental problem with P0 is that it is absent from deep sea sites (Norris et al., 1999) 
and, as such, it has been suggested by Macleod and Keller (1991) that deep sea sites are 
less complete than shallow marine sites through hiatuses. This conclusion has been 
challenged by Norris et al. (1999) who found rare specimens of P. eugubina through 
almost the entire P0 Biozone, suggesting that the biozone records rarity, but not total 
absence of the marker species. P. eugubina is, therefore, regarded as a rarity at El Kef 
by Norris et al. (1999) which is not unusual for a shelf section based on the generally 
greater abundances in deep-sea sections compared with shallow-marine sites (D’Hondt 
and Keller, 1991). Hence, Biozone P0 is not a globally recognisable biozone and the 
distribution of P. eugubina is facies controlled and does not reflect a global 
evolutionary first occurrence (Norris et al., 1999). Norris et al. (1999) also assert that 
this eradicates the need for a global erosional event that produces hiatuses within deep-
sea sites at the K/Pg boundary as proposed by Macleod and Keller (1991). 
 
3.5. Field Localities 
The topography of the Brazos River area in Falls County, Texas is very flat with little to 
no elevation. As a result, exposures of the underlying geology are constrained to 
riverbank sections, creeks and cored material. The area is easily accessible via the 
Brazos River itself or the Brazos Rose Ranch, to the west of the Brazos River. Several 
creeks act as tributaries to the main Brazos River with exposures throughout their 
  Chapter 3 – Geological Setting and Stratigraphy 
53 
 
entirety, although most sections require a stepped transect up or down rivers and/or 
creeks to complete the section. All field localities utilised as part of this study as well as 
historical sites in the Brazos River area are shown in Figure 3.5. The samples that have 
been micropalaeontologically analysed come from Riverbank 4 and 5 (RB-4 and RB-5), 
Brazos-1, Riverbank South, Riverbank North, Riverbank West, Cottonmouth Creek and 
Darting Minnow Creek. 
Figure 3.5. Locality map of the Brazos River area with outcrops marked. Map taken from Hart et al. 
(2011). 
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The creeks and the main Brazos River bed contain the hummocky cross-stratified 
sandstone unit (HCS) and boundary complex as described above. Therefore, the 
riverbank and creek sections that contain this sandstone body, defacto, must contain the 
K/Pg boundary interval according to the definition of the K/Pg boundary of Molina et 
al. (2006). All of the Cretaceous and Paleogene sediments are dark siltstones to 
mudstones with abundant, well preserved macro- and microfossils.  
 
3.5.1. Cottonmouth Creek 
Cottonmouth Creek is the most visited and studied locality in the area (e.g., Keller et 
al., 2009; Hart et al., 2012). This is partly due to the creek being easily accessible and 
usually being free from vegetation and standing or flowing water for most of the year. 
The creek runs for approximately 400 m eastwards and connects to the Brazos River. It 
is between 2 metres and 6 metres in width (Figs 3.7 and 3.8). Cottonmouth Creek 
exposes the hummocky-cross stratified unit (HCS) on the dry river bed near the 
intersection with a farm track. To the west of this intersection, the section by the 
waterfall (CMW) contains the volcanic ash bed which is approximately 60 cm below 
the ‘Event Bed’, previously referred to as the “checo-smectite orange horizon” (e.g., 
Keller et al., 2009, fig. 2). At the waterfall, the ~2 metres of mudstone below the ‘Event 
Bed’ is the only exposure of Cretaceous sediments in the whole of Cottonmouth Creek 
(Fig. 3.9). The ‘Event Bed’ is not recorded again down the creek towards the river, 
implying that the K/Pg boundary is not crossed again. The succession above the ‘Event 
Bed’ gently dips eastwards and provides a series of lowermost Danian exposures for the 
remainder of the creek with a younging direction towards the Brazos River in the east, 
though exposure quality in 2009-2012 was poor as the main river is approached. 
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Figure 3.7 (top). View downstream at Cottonmouth Creek. Cottonmouth Creek is largely free of standing 
water and vegetation. 
Figure 3.8 (bottom). Widest section of Cottonmouth Creek exposed immediately to the east of the farm 
track intersection. In this section, the ‘Event Bed’, including the HCS sandstone bodies, is exposed on the 
riverbed where the rucksacks are placed and has the most continuous succession of the earliest Danian in 
the Creek where Prof. Hart is situated. 
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Figure 3.8. Waterfall section at Cottonmouth Creek. This section contains the volcanic ash bed which is 
approximately 60 cm below the ‘Event Bed’ behind Prof. Hart. The waterfall is formed by the large 
‘Event Bed’ sandstone body that overhangs the underlying Cretaceous sediments, on which Prof. Hart is 
standing. The uppermost Maastrichtian mudstones appear to be ‘disturbed’ as can be seen in the centre of 
the photograph. 
 
3.5.2. Darting Minnow Creek 
Darting Minnow Creek displays a very different view of the boundary complex to that 
in Cottonmouth Creek. The creek always contains flowing water, occasional mud and is 
heavily overgrown. Darting Minnow Creek is of variable width and thins to less than a 
metre in places. Combined with the heavy overgrowth and flowing water, some areas 
are very hard to access, but not inaccessible. As a result, the creek has been largely 
overlooked in the past, apart from the small section by the Darting Minnow Creek 
waterfall (Fig. 3.8), which is close to a ranch track. There is no access from the Brazos 
River to Darting Minnow Creek by foot due to water levels and thick muds at the mouth 
of the creek. The creek runs east-west and connects to the river. Several small faults, 
with displacements of only a few meters were observed in the field and these cause the 
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stream to change course in a few places. The boundary complex creates a small 
waterfall with the beds gently dipping west (Fig. 3.9). Downstream of the waterfall the 
Maastrichtian mudstone succession can be followed in the bed of the creek, but no 
volcanic ash has been found. Approximately 100 m below the waterfall, and about 50 – 
60 m upstream of a farm crack crossing, Prof. Yancey and Prof. Hart (in October 2012) 
found the K/Pg boundary but with no ‘Event Bed’ present. Adatte et al. (2011) recorded 
no “Event Bed” in the Mullinax-3 core and this confirms the variable occurrence and 
thickness of the sandstones (Hart et al., 2012). Downstream of the farm track crossing 
the calcareous nodules of the LCH bed are found in a series of rapids, and the Paleocene 
succession continues over the following 250 – 300 metres (Fig. 3.10). Almost all of the 
sedimentological features of the Riverbank South (RBS) section can be identified in 
Darting Minnow Creek.  
Figure 3.9. Darting Minnow Creek waterfall. This exposure is the most, if not only, exposure to be 
regularly visited in Darting Minnow Creek. The waterfall exposes an enlarged ‘Event Bed’ succession 
compared to Cottonmouth Creek and other sections in the Brazos River area. The 30 cm ruler to the right 
of the waterfall provides a scale. 
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Figure 3.10. View downstream in Darting Minnow Creek. Although this part of the section is relatively 
free of vegetation, much of the creek is overgrown and contains a large amount of free flowing and 
standing water. Shovel provides a scale.   
 
3.5.3. Brazos River Exposures 
There are a number of exposures on the Brazos River riverbanks and river bed in this 
area. Outcrop quality, accessibility and stratigraphic range vary tremendously, but the 
riverbanks generally expose the ‘Event Bed’ and Lower Paleogene strata. Low water 
levels in the Brazos River aid access and exposure, but the river water level is 
controlled by a hydro-electric power plant further upstream and, as such, it is impossible 
to predict periods of low water. 
 
Riverbank 4-5 section 
This riverbank section is located on the eastern bank of the Brazos River, approximately 
200 m south of the Highway 413 Bridge over the Brazos River. The Brazos River bed 
exposes the HCS units during periods of low water (Fig. 3.11). The riverbank exposures 
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are stepped from the most northern locality, RB-4, down stream ~100m to RB-5. This 
locality exposes the ‘Event Bed’ and Lower Paleocene. High water levels and 
Pleistocene muds and terrace gravels from the Brazos River often restrict access to these 
exposures. 
Figure 3.11. Top of ‘Event Bed’ exposed in Brazos River bed at low water south of the Highway 413 
Bridge in the Riverbank 4-5 area. Photograph taken in October 2012. 
 
Brazos-1 
The Brazos-1 section is located on the western bank of the Brazos River on the opposite 
bank from the Riverbank 4-5 section, approximately 300 m south of the Highway 413 
Bridge over the Brazos River. The Brazos River bed exposes the top of the ‘Event Bed’ 
at low water periods and early Paleogene units and also has a larger stratigraphic range 
than Riverbank 4-5. The riverbank exposures at Brazos-1 are not stepped, unlike 
Riverbank 4-5. Again, high water levels and Pleistocene muds and gravels from the 
Brazos River often restrict access to this exposure. 
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Riverbank North 
Riverbank North is located approximately 20 – 50 m north of the Highway 413 Bridge 
on the eastern bank of the Brazos River. Access to the Riverbank North section is 
extremely difficult due to heavily, overgrown vegetation (including poison ivy), steep 
gradient of the outcrop down to the river and a 3 metre drop from Pleistocene muds and 
gravels onto the riverbank. Exposed on the riverbank, is ~3 meters of dark 
Maastrichtian mudstones which dip gently to the SE. An exposure of thin yellow/orange 
volcanic ash is present at the base of this exposure (Figs 3.12 and 3.13). The ‘Event 
Bed’ is not seen at this locality as it occurs downstream at Riverbank 4-5. Upstream of 
this exposure of a thin volcanic ash, the Maastrichtian succession is clearly visible on 
the river bed, near a small island. A fine sandstone bed, within the Maastrichtian, 
crosses the river following the NE-SW strike direction (Fig. 3.14).  
Figure 3.12. Riverbank North exposures north of the Highway 413 Bridge. These exposures were first 
discovered during the 2010 field season by ADL and MBH. Exposed in this 2-3 section of Cretaceous 
dark mudstones is a thin yellow/orange volcanic ash horizon, indicated by the scale bar in the picture.  
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Figure 3.13 (top). Volcanic ash exposed in the Riverbank North section in the dark Cretaceous 
mudstones. 
Figure 3.14 (bottom). Upstream of this exposure of a volcanic ash near the Highway 413 bridge, the 
Maastrichtian succession is exposed on the river bed, near a small island. A fine sandstone bed, within the 
Maastrichtian, crosses the main Brazos River following the NE-SW strike direction (pictured). 
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Riverbank West 
Riverbank West is located approximately 400 m north the Highway 413 Bridge on the 
western bank of the Brazos River (see Fig. 3.14). Riverbank West in no longer exposed 
as it is now entirely covered by Pleistocene muds and gravels due to land slides. 
Heavily overgrown vegetation and access is also an issue at Riverbank West and it is, 
therefore, an unusable section at Brazos River. Riverbank West exposed over 5 meters 
of dark Maastrichtian mudstones and is capped by a large conglomeratic unit of 
Pleistocene age.  
 
Riverbank South 
Riverbank South is located between the mouths of Cottonmouth Creek and Darting 
Minnow Creek, on the western bank of the Brazos River. Riverbank South is the largest 
and most laterally continuous exposure of all the sections on the Brazos River. 
Riverbank South is exposed on a bluff over 80 metres long and extends over 7 metres of 
Cretaceous mudstones and the ‘Event Bed’ (exposed on the riverbed at low water 
periods), to over 6 metres of Paleocene deposits (Fig. 3.15). The beds at Riverbank 
South are sub-horizontal and all aspects of the sedimentological features of the Brazos 
River succession are exposed at Riverbank South (Fig. 3.16). Access to Riverbank 
South is made via the mouth of Cottonmouth Creek, walking south from the large 
sandbank accessible from the Brazos Rose Ranch or via the Brazos River itself. The 
section is not overgrown and is free of overhanging vegetation and is covered in thick 
succession of Pleistocene gravels (Fig. 3.15). The Riverbank South section is now 
regarded as the type K/Pg boundary section for the Brazos River area. When described 
by Plummer (1926, p. 53), she noted the presence of two anticlines that were picked out 
by a sandstones at the K/Pg boundary. These are not anticlines in the structural sense, 
but the variable character of the ‘Event Bed’ which can be followed at, or above, the 
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water level of the river. The RBS section can be viewed from a sandbank on the east 
bank of the Brazos River (Fig. 3.15) that can be accessed by a farm road from Eloise 
(which involves crossing the railway line).   
Figure 3.15. View of the Riverbank South section from across the Brazos River from the eastern bank. 
The section is near continuous and covers the entire length of the river bank between the mouth of 
Cottonmouth Creek to the north and the mouth of Darting Minnow Creek to the south.  
 
Figure 3.16. All the sedimentological features deduced from the creek, core and other riverbank sections 
are exposed clearly at Riverbank South. Prof. Hart provides the scale. 
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4. METHODS 
 
4.1. Micropalaeontological Processing 
Approximately 12 – 15g of each sample was placed in a clean aluminium bowl, with 
approximately one quarter retained as a reserve. Splits of some samples were removed 
and sent for the investigation of calcareous nannofossils and dinoflagellate cysts. Where 
necessary, samples were broken up into smaller fragments using a pestle and mortar. 
Comparisons of the residues indicate that this does not change the resulting assemblages 
in any way. This approach is widely used in studies of the K/Pg boundary that involves 
indurated, well cemented samples (see Heinburg, 2005; Rasmussen et al., 2005).  
 
Each sample was air dried for at least 24 hours and then placed in an oven overnight at a 
temperature no greater than 25°C to remove any remaining moisture from the samples. 
The rock fragments were then submerged, and soaked, in White Spirit (Stoddart Spirit) 
for a period of ~4 hours, after which the excess White Spirit was removed and recycled 
by filtering.  
 
The samples were immediately returned to the same aluminium bowl and submerged in 
deionised water for a minimum period of 12 hours. Deionised water was used to soak 
the samples as this provides a cleaner medium for foraminifera that may subsequently 
be used for the determination of stable isotopes. Plymouth water, which comes from the 
Dartmoor Granite catchment, is also known to be slightly acidic. This method of sample 
preparation (Brasier, 1980) allows White Spirit into the pores of the sample, which is 
then floated out when the rock fragments are immersed in water. This is a relatively 
gentle way of collapsing the clay-rich samples. All samples were wet sieved through a 
45 μm sieve (63 μm sieve at Texas A & M University for Riverbank 4-5, Riverbank 
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West and Brazos-1 samples) over a large aluminium bowl where the >45 μm residue 
was collected, allowed to settle and then filtered. The fine residue collected in the filter 
paper was placed in the same aluminium bowl and placed in the oven at a temperature 
of 40°C for a period of at least 5 hours. The residues collected on the 45 μm sieve were 
also filtered and placed in their original aluminium bowls before being placed in the 
oven at a temperature of 20°C for at least 6 hours, or overnight. Once dry, the >45 μm 
residues were dry sieved in 500 μm, 250 μm, 150 μm and 63 μm sieves. The residues 
were then placed in separate plastic vials, clearly labeled and stored. This process was 
repeated 2 – 3 times for most samples to get a clean residue. After each wash, the 
residue was examined under a binocular microscope to check the residue quality. 
Micropalaeontological analysis was achieved for each size fraction by picking a 
minimum of 250 individual foraminifera (Smart, 2002) or until the sediment was 
exhausted. An eyelash sable brush was used to transfer specimens to lightly gummed 
micropalaeontological slides. The 45 – 63 μm residue was not picked to ~250 
individuals but was picked as a representation of that size fraction. All samples were 
processed in stratigraphical order in order minimise the potential problem of 
contamination between samples. All laboratory materials, such as aluminium bowls, 
sieves etc., were thoroughly washed prior to their use, with the 63 μm and 150 μm dry 
sieves sonic bathed and then air dried prior to their use to minimise possible 
contamination. No chemicals were used in the processing except for the  White Spirit 
and, in line with Hart et al. (2004, 2005), checks of the damage being caused to the 
foraminifera and the bias that this might have caused were made at all stages of the 
processing. Identification of benthic foraminifera was carried out using Cushman (1946) 
and Cushman (1952). Cushman  (1946) was preferentially used ahead of Cushman 
(1952) as the benthic foraminiferal assemblage in the earliest Danian consists 
essentially of a Maastrichtian assemblage. Cushman (1946) was also preferentially used 
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for identification to eliminate the problem of a species being renamed in a different time 
period as was the standard methodology for North American micropalaeontologists in 
the early 20
th
 Century. Where identification of some genus or groups of benthic 
foraminifera was difficult, flowcharts were created to aid identification (Figs 4.1 and 
4.2). 
 
Figure 4.1. Flowchart for planispiral rounded species such as Robulus, Planularia and Lenticulina to aid 
identification based on their distinguishing features. 
 
4.2. Field Techniques 
The exposures in the Brazos River area have been comprehensively investigated. Every 
riverbank and creek exposure of the Brazos River and its tributaries that was accessible 
were explored and sampled accordingly. Samples collected for micropalaeontological 
analysis were carefully removed with a hammer and chisel and placed in a clean, 
marked sample bag. At each locality, sections were comprehensively logged in 
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accordance with the standard sedimentological techniques, described and photographed. 
Special attention was taken to record the boundary complex. Samples were collected at 
various intervals and located accurately on the sedimentary logs. Across, and just above, 
the K/Pg boundary, sampling was closer; in places samples were collected at 1 cm 
spacing. In the lowermost Paleogene, sampling was more spaced out (< 10cm). Where 
the stratigraphical position of an exposure was not known, the sediments were spot 
sampled. Samples were prepared in a clean environment at Plymouth University. 
Samples from the Riverbank 4-5, Riverbank West and Brazos-1 localities were 
collected and processed by Prof. Thomas Yancey at Texas A & M University using 
similar processing techniques. 
 
Figure 4.2. Flowchart for agglutinated rounded species such as Ammobaculites, Trochammina and 
Haplophragmoides to aid identification based on their distinguishing features. Scanned in black and 
white drawings taken from Cushman (1946). 
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4.3. Stable Isotopes 
Stable isotope analysis was performed on the benthic foraminifer Lenticulina rotulata 
(Lamarck) from the Riverbank South section. L. rotulata was selected as it is the most 
abundant species within the section and is present throughout the entire stratigraphic 
interval. Specimens from Riverbank South (RBS) were selected for stable isotope 
analysis as it is the most complete succession and could be sampled in one place rather 
than using sections where strata have to be followed along a series of exposures and the 
logs joined together. Individual specimens from three different size fractions were 
analysed to assess the isotopic changes with specimen size and, therefore, maturity. 
Specimens from the >500 μm, 500 μm to 250 μm, and 250 μm to 150 μm size fractions 
were placed inside a glass vial and weighed. Approximately 15 – 100 microgrammes 
were needed for isotope analysis. For the  >500 μm size fraction, this equated to 2 – 3 
individuals while 4 – 6 and 9 – 14 individuals were needed for the 500 – 250 μm, and 
250 – 150 μm size fractions respectively. Isotope analysis was performed using a GV 
IsoPrime mass spectrometer plus Multiprep device. Isotope values (13C, 18O) are 
reported as per mille (‰) deviations of the isotopic ratios (13C/12C, 18O/16O) calculated 
to the VPDB scale using a within-run laboratory standard calibrated against NBS 
standards. Analytical reproducibility of the standard calcite (KCM) is < 0.1‰ for 13C 
and 18O. The isotope procedure was performed at the British Geological Survey, 
Keyworth. The succession of Lenticulina rotulata analyses from Riverbank South 
identified some interesting information (see Chapter 8) and, in consultation with Prof. 
Melanie Leng (Leicester University and NIGL, Keyworth), further samples were 
analysed through the lowermost Paleocene. This included: 
 Homogenised, bulk rock sediment; and 
 Organic carbon extracted from the fine fraction sediment samples from the < 
45μm size fraction retained for just such an eventuality 
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The data generated for the stable isotope (13C and 18O) analysis of the Lenticulina 
rotulata mono-specific samples, homogenised bulk rock, homogenised fine fraction (< 
45μm) and the organic carbon for the RBS section is, therefore both comprehensive and 
significant. 
 
4.4. Heavy Mineral Separation 
Heavy mineral separation was performed at Plymouth University. The samples were 
lightly broken up and in an agate pestle and mortar and placed in marked containers. A 
separation funnel with tap at the base, was filled with ~150 ml of Methylene Iodide 
heavy liquid with the tap closed. The sample was then pored into the separation funnel 
at the top and lightly agitated with a glass spatula. The sample in the heavy liquid was 
left to settle for at least 1 hour. A filter paper over a beaker was then placed under the 
separation flask and the tap opened briefly to allow the heavy minerals that have settled 
through the flask and collected at the base of the separation funnel to escape into the 
filter paper. This filter paper and beaker containing the heavy minerals was placed to 
one side and the process repeated to collect the remaining sample and Methylene 
Iodide. The filtered Methylene Iodide once collected was placed back in the original 
bottle for reuse. The filter paper containing the heavy minerals was air dried overnight 
in a fume cupboard and then washed in acetone to remove any remaining Methylene 
Iodide. The sample was then air dried once more overnight and then the heavy minerals 
were carefully washed into a Petri dish to be analysed under the microscope. 
 
4.5. Imaging 
Specimens that were selected for analysis under the scanning electron microscope, were 
mounted on a specimen stub with a double sided sticker and coated twice with gold (to 
avoid ‘charging’), using a sputter coater in the Plymouth University Electron 
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Microscopy Centre. Imaging of the foraminifera was performed using a JEOL 5600LV 
and a JOEL 6100 machine with an accelerating voltage of 15kV. 
 
4.6. Storage of Material 
All the materials used during this research are currently stored in the collections of the 
School of Geography, Earth and Environmental Sciences at Plymouth University, UK. 
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5. TAXONOMY  
 
5.1. Systematic Descriptions 
The benthic foraminfera of the Cretaceous/Paleogene boundary succession in Texas have 
rarely been investigated. The early work by Plummer (1926, 1931) was followed by 
Cushman (1946), who produced a monographic assessment of the taxonomy based on his 
new classification (Cushman, 1940, 1947) of the foraminifera. Although a wide range of 
locations in Texas were sampled as a part of Cushman’s work, none of his material came 
from the Brazos River area. His collection of type and figured specimens was placed in the 
Cushman Collection of the Smithsonian Institution, American Museum of Natural History, 
Washington DC (Huber et al., 2013). During the course of this investigation the Cushman 
Collection was accessed and many of the specimens re-figured using a digital imaging 
system attached to a binocular microscope. Subsequent research on the K/Pg boundary 
successions in Texas and Alabama (Olsson et al., 1996) have tended to use the 
nomenclature of Plummer (1931) or Cushman (1946), while others (e.g., Schulte and 
Speijer, 2009) leave a number of taxa in open nomenclature. The benthic foraminifera from 
the Brazos River area are illustrated in Plates 1–53, including the images of the material 
from the Cushman Collection in Plates 1 – 45. 
 
The benthic foraminifera from the uppermost Cretaceous and lowermost Paleocene of the 
Brazos River area are both abundant (300+ species have been tentatively identified) and 
diverse (80+ genera). The assemblage is dominated by nodosariids and lenticulinids: taxa 
often disregarded by many authors. In some ways this is understandable as such 
assemblages appear to display a wide range of variability and making consistent 
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identifications can be difficult. This problem is made more intractable in the case of 
Nodosaria and Dentalina where specimens are often fragmentary, missing the key features 
of the aperture and the apical chambers. The Paleogene assemblages of the Gulf Coast area 
are often grouped under the name ‘Midway Fauna’ (Plummer, 1926; Berggren and Aubert, 
1975) although, as foraminifera are protistids and not animals, use of the term ‘fauna’ is 
now incorrect. The uppermost Cretaceous (Méndez Formation) and lowermost Paleocene 
(Velasco Formation) from the Tampico Embayment in North East Mexico were also 
studied by Cushman (1926a, b) and White (1928a, b, 1929) who both indicated that these 
represented deeper water environments than those recorded in other areas of the Gulf Coast. 
These deeper water assemblages became known as the ‘Velasco Fauna’ (Schnitker, 1979). 
The ‘Midway Fauna’, therefore, was thought to represent more neritic environments while 
the ‘Velasco Fauna’ contained bathyal to abyssal assemblages (see Van Morkhoven et al., 
1986). Admixtures of both assemblages can be found in some upper bathyal environments, 
as described by – for example – Speijer (1995) and Widmark and Speijer (1997a, b). 
 
In the K/Pg boundary sections in North East Mexico the benthic foraminifera are abundant 
and comparatively diverse (Alegret and Thomas, 2001; Alegret et al., 2001, 2002a, b) with 
a relatively high percentage (<62%) of agglutinated taxa. This is quite different to the 
Brazos River area of Texas and Alabama where the agglutinated taxa are always in a 
minority. This ‘Velasco–Midway’ separation can be confirmed using the palaeodepth 
models of Sliter and Baker (1972), Douglas (1979), Jones and Charnock (1985), Corliss 
(1985, 1991), Corliss and Chen (1988), Koutsoukos & Hart (1990), Jorissen (1999), 
Jorissen et al. (1995), Van der Zwann et al. (1999) and Setoyama et al. (2011). Alegret and 
Thomas (2001, p. 273) presented a depth model in a tabular format using the information 
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contained in a number of papers (Berggren & Aubert, 1975; Tjalsma and Lohmann, 1983; 
Van Morkhoven et al., 1986; Kaminski et al., 1988; Speijer, 1994; Widmark and Speijer, 
1997a; Widmark, 2000). It is clear that the Brazos River assemblages are located at the 
very top of this figure, being at a palaeodepth of 50 – 100 m. 
 
The neritic environments, with Anomalinoides, Osangularia, Angulogavelinella, 
Cibicidoides, Gyroidinoides, Stensiöina, etc., are more typical of successions in N. W. 
Europe (Hart et al., 1989, 2005) and some of those in North Africa (Speijer, 1994, 1995; 
Speijer and Van der Zwann, 1996). In the uppermost Cretaceous of the United Kingdom 
(Swiecicki, 1980; Hart et al., 1989; Bailey et al., 2009), Germany (Koch, 1977; Frenzel, 
2000) and the North Sea Basin (King et al., 1989) the benthic assemblage is dominated by 
gavelinellids, Osangularia, Stensiöina, Bolivinoides, Reussella and a wide morphological 
range of Bulimina species. Agglutinated foraminifera are relatively rare, with the 
assemblage often dominated by arenobuliminids. Some agglutinated taxa switched to 
creating their wall structure with sponge spicules (Swiecicki, 1980; Frenzel, 2000), 
possibly because detrital grains were so rare in the chalk environment. Epistominids – with 
an aragonitic wall structure – are missing from the chalk facies as aragonite is rarely 
preserved in such environments; ammonites are almost totally missing from the chalk facies 
of N. W. Europe. 
 
The Brazos River area (and Alabama) comprises neritic, or even inner neritic environments, 
with a distinctive nodosariid-dominated assemblage. Agglutinated taxa are less well 
represented. In such situations, almost invariably, authors avoid tackling the plethora of 
names and morphological variability characterised by genera such as Lenticulina, Robulus, 
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Marginulina, Nodosaria and Dentalina. Such taxonomic groups are either ‘lumped’ into 
counts of ‘nodosariids’ or left completely in open nomenclature. Keller (1992) did not 
discuss the taxonomy of species found in the Brazos River cores, using many of the names 
established in the literature without question or justification. This was also true of Olsson et 
al. (1996), who do not explain any of the taxa used in their valuable description of the 
(temporary) Millers Ferry (Alabama) succession. In their account of the Antioch Church 
Core, Schulte and Speijer (2009) simply list the taxa by name (no authors given) and use 
them in a palaeoecological model (Schulte and Speijer, 2009, fig. 2) citing the ‘Midway’ 
model for guidance. This approach appears to have been the norm and, while some authors 
illustrate selected species, few have attempted a full taxonomic revision of these inner to 
outer shelf assemblages. The accounts of the benthic foraminifera from such environments 
are wide ranging, including: 
 Tunisia (El Kef, Oued Seldja, Aïn Settara, Elles, etc.); Aubert and Berggren (1976), 
Said (1978), Keller (1992), Speijer (1994), Speijer and Van der Zwann (1996), 
Keller et al. (1998), Venturati (2000), Alegret et al. (2002c), Peryt et al. (2002, 
2004), Galeotti and Coccioni (2002), Coccioni and Marsili (2007). 
 S. E. Spain (Caravaca, Agost); Keller (1992), Coccioni et al. (1993), Coccioni and 
Galeotti (1994), Pardo et al. (1996), Molina et al. (2005), and Alegret (2007). 
 S. W. France and N. E. Spain (Bidart, Loya and Basque Basin); Lamolda et al. 
(1983), Kuhnt and Kaminski (1993), Alegret (2007), Alegret et al. (2003, 2004a, b). 
 Morocco; Kaminski et al. (1996). 
 Denmark (Stevns Klint, Nye Kløv); Schmitz et al. (1992), Hart et al. (2005). 
 Italy; Fornaciari et al. (2007). 
 Germany; Koch (1977), Frenzel (2000). 
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 Poland; Gawor-Biedowa (1992), Gasinski and Uchman (2009). 
 Austria; Peryt et al. (2002). 
 Brazil (Poty Quarry); Albertão et al. (1994), Koutsoukos (2006). 
 Trinidad; Kaminski et al. (1988). 
 Atlantic Ocean and Pacific Ocean; Tjalsma and Lohmann (1983), Van Morkhoven 
et al. (1986), Widmark and Malmgren (1992a, b), Widmark (1997, 2000), Van der 
Akker et al. (2000), Alegret and Thomas (2004, 2005, 2009), Kaminski and 
Gradstein (2005), Setoyama et al. (2011). 
 Japan (Kawaruppa); Kaiho (1992, 1995). 
 
It is interesting that Alegret et al. (2004) indicate that the Bidart succession shows a 90% 
commonality with the assemblage recorded at Agost (S. E. Spain) and an 80% 
commonality with the assemblage from Mexico (Alegret and Thomas, 2001). In the Brazos 
River succession, with the high numbers and diversity of nodosariid taxa, no comparable 
successions have been found, although a pilot examination of samples from Alabama 
(Braggs, Mussel Creek, Moscow Landing: see Hart et al., 2013) has shown that the 
assemblage is almost identical to that in central Texas: i.e., of Midway ‘type’ (M. B. Hart, 
pers. comm., 2013). All workers using samples from neritic environments have reported 
very little change in benthic foraminifera across the K/Pg boundary (Olsson et al., 1996; 
Schulte and Speijer, 2009; Hart et al., 2012). In his review of the foraminifera distributions 
across the K/Pg boundary, Culver (2003) re-plotted data from a number of papers in order 
to present some degree of standardization. He noted that this information was presented 
without any attempt at taxonomy or measure of the comparability of the work gleaned from 
his analysis of the data presented by a range of authors. He concluded that (Culver, 2003, p. 
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220) “....there is no demonstrable, paleobathymetric gradient in severity of biotic response”. 
There are species extinctions, but these are generally local extinctions and Lazarus species 
return to their former habitats at varying intervals of time after the boundary. Even in the 
Gulf of Mexico, very close to K–T ‘ground-zero’, shallow-water benthic foraminiferal 
communities do not exhibit a mass extinction.” 
 
In attempting the identification of the taxa found in the Brazos River area, it was recognised 
that the Cushman (1946) identifications were the most appropriate, especially in the case of 
nodosariid taxa that had, effectively, been avoided by almost all authors since the 1940s. 
His taxa can be favourably compared to those from Brazos and this was checked by an 
inspection of the type material in the Cushman Collection at the Smithsonian Institution. It 
was decided that, rather than follow the partial update of the taxonomy by Alegret and 
Thomas (2001), the Cushman identifications would be used as there was insufficient time 
to revise the whole of Cushman’s work. This is particularly true if the observation, by 
Alegret et al. (2004) that there is a high degree of species commonality between Mexico 
and Europe (S. E. Spain and S. W. France) is correct, although it is clear that there are 
differences between the assemblages in Mexico and those in central Texas. The revision – 
following Loeblich & Tappan (1964, 1987) – of Cushman’s material is still on-going, but 
incomplete, although Revets (1996, 2001) has reviewed some of the characteristic benthic 
genera from the uppermost Cretaceous. His methodology is, however, questionable as he 
only considered ‘types’ of the genera he discussed and did not consider their full taxonomic 
or evolutionary setting. 
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Only brief diagnoses or descriptions are given in the following account of the taxonomy. 
The reference and synonymy lists are relatively short as there have been few taxonomic 
works on the material found in the Brazos River area. Without at least a diagnosis and an 
illustration it is impossible to add an entry to a taxonomic reference list: it would be 
incorrect practice to do so. While many of the genus and species names have been used 
outside the Texas area, they have not been included here as their application to diverse 
areas in very different facies may have been inappropriate and undertaking such an 
investigation is beyond the scope of this current research. While Cushman did compare 
some of his material with collections in Europe, and use species described by d’Orbigny 
(1840), Roemer (1841), Ehrenberg (1844) and Reuss (1844, 1845, 1846, 1851, 1860, 
1863), there is no way of testing how thorough (or complete) this trans-Atlantic comparison 
was done without checking the original determinations in a range of European Museum 
collections. 
 
In many ways this approach is unsatisfactory, and recognised as such, but as this research 
developed into a field-based campaign (more than initially envisaged), it proved impossible 
to find the time required for such taxonomic rigour in a three-year PhD programme. 
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Family SACCAMMINIDAE 
Genus PROTEONINA Williamson, 1858 
 
Type Species: Proteonina fusiformis Williamson, 1858  
 
Test small, with a single globular chamber comprised of large angular grains. The globular 
chamber often tapers off to a distinct neck at the top of test.   
 
Proteonina difflugiformis (Brady, 1879)  
Plate 46, Fig. 1. 
 
1879 Reophax difflugiformis Brady, p. 51, pl. 4, fig. 3a, b. 1879;  
1884 Reophax difflugiformis Brady; Brady, p. 289, pl. 30, figs, 2-4 (not 1, 5). 
1903 Proteonina difflugijormis (Brady); Rhumbler, p. 245, text fig. 80a, b.  
1910 Proteonina difflugijormis (Brady); Cushman, p. 42, text figs 40, 41. 
1927 Proteonina difflugijormis (Brady); Cushman and Waters, p. 82, pl. 10. fig. 1.  
1931a Proteonina difflugijormis (Brady); Cushman, p. 78, pl. 12, fig. 2, 1929;  
1931b  Proteonina difflugijormis (Brady); Cushman, p. 17, pl. 1, figs 1, 2. 
1946 Proteonina difflugijormis (Brady); Cushman, p. 15, pl. 1, figs 7, 8. 
 
Diagnosis: A species of Proteonina with a single elongate chamber or spherical pyriform 
(pear shaped) chamber, which tapers off on tubular neck to aperture.  
 
Remarks: In this investigation, pyriform specimens were more common than the more 
elongate specimens. The species may be confused with broken fragments of Ammobaculites 
fragmentarius, or completely overlooked as a result of its small size, shape and texture. 
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Family REOPHACIDAE 
Subfamily ASCHEMONELLINAE 
Genus REOPHAX Montfort, 1808 
 
Type Species: Reophax scorpiurus de Montfort, 1808 
 
Species of Reophax are normally elongate with few, pyriform, well defined chambers. Each 
chamber is attached at or near the apertural neck of the preceding chamber, in a uniserial 
arrangement with minimal overlap between the chambers. Reophax are typically finely 
agglutinated with angular grains that may be of inorganic or organic (e.g., tests of other 
foraminifera, sponge spicules, etc.). 
 
Reophax texanus Cushman & Waters, 1927 
 
1927 Reophax texana Cushman & Waters, p. 82, pl. 10, fig. 2.  
1932 Reophax texana Cushman & Waters; Wickenden, p. 204, pl. 29, fig. 1. 
1946 Reophax texanus Cushman & Waters; Cushman, p.16, pl.1, figs 18-20. 
 
Diagnosis: A coarsely agglutinated species of Reophax with chambers that expand in size 
gradually and which are spherical to sub-spherical in shape. In some specimens last-formed 
chamber may be offset from other chambers, but this is not common. 
 
Remarks: This species may be confused with other species of Reophax and can be similar 
to fragments of Ammobaculites spp. and Proteonina spp. The species is rarely abundant. 
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Reophax constrictus (Reuss)  
 
1874 Haplostiche constricta Reuss, p. 121, pl. 24, figs 9-12.  
1925 Haplostiche constricta Reuss; Franke, p. 8, pl. 1, fig. 7.  
1928 Haplostiche constricta Reuss; Franke, p. 20, pl. 2, fig. 5.  
1944 Reophax constrictus (Reuss); Cushman, p. I, pl. 1, fig.1. 
 
Diagnosis: A species of Reophax with chambers of similar diameter throughout, but with 
distinctive narrowing at sutures. The final chamber has slightly tapering neck to aperture.  
 
Remarks: The chamber arrangement and overall shape differs from Reophax texanus as it 
tapers off towards the aperture. Reophax constrictus is less abundant in all sections than 
other Reophax species. 
 
 
Family AMMODISCIDAE 
Subfamily AMMODISCINAE 
Genus AMMODISCUS Reuss, 1862 
 
Type Species: Ammodiscus infimus Bornemann, 1874  
 
Ammodiscus species are typically planispiral, closely coiled and generally quite 
compressed. They consist of a single tubular, undivided chamber that coils very closely to 
the preceding whorl. The number of whorls can be numerous and most are visible. The test 
is often finely agglutinated and smooth. 
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Ammodiscus glabratus Cushman & Jarvis, 1928 
 
1928 Ammodiscus glabratus Cushman & Jarvis, p. 86, pl. 12, fig. 6a, b. 
1932 Ammodiscus glabratus Cushman & Jarvis; Cushman & Jarvis, p. 8, pl. 2, fig. 1. 
1946 Ammodiscus glabratus Cushman & Jarvis; Cushman, p. 17, pl. 1, fig. 32. 
 
Diagnosis: A species of Ammodiscus with a tightly coiled test that appears white, smooth 
and polished. The centre of the test is often slightly depressed. 
 
Remarks: The colour and compressed appearance of this species makes it very distinctive 
from other species of Ammodiscus. 
 
Ammodiscus cretaceus (Reuss, 1845) 
 
1845 Operculina cretacea Reuss, p. 35. pl. 13, figs 64, 65. 
1860 Cornuspira cretacea Reuss; Reuss, p 177, pl. 1. fig. 1, 1860; idem, vol. 46, pt. 1,  
1863 Cornuspira cretacea Reuss; Reuss, p. 34, pl. I, fig. 10a, b (not 11, 12).   
1890 Cornuspira cretacea Reuss; Burrows, Sherborn & Bailey, p. 552, pl. 8, figs 5, 6.  
1891 Cornuspira cretacea Reuss; Chapman, p. 574. pl. 9. fig. 11a, b. 
1899 Cornuspira cretacea Reuss; Egger, p. 18, pl. 22, figs 1, 2.  
1825 Cornuspira cretacea Reuss; Franke, p. 7, pl. I. fig. 5.                                        
1926 Cornuspira cretacea Reuss; Cushman, p. 608, pl. 21, figs. 3a, b.          
1934 Ammodiscus cretacea (Reuss); Cushman, p. 45.   
1943 Ammodiscus cretacea (Reuss); Cushman and Todd, p. 51, pl. 9, fig. 1.   
1946 Ammodiscus cretacea (Reuss); Cushman, pp. 17,18, pl. 1, fig. 35. 
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Diagnosis: A large species of Ammodiscus with a finely agglutinated, smooth test.  
 
Remarks: This species is the most commonly described species of Ammodiscus in the 
Cretaceous although this may be an artefact of taxonomic imprecision. This species is 
larger and less compressed than Ammodiscus glabratus. 
 
 
Family LITUOLIDAE 
Subfamily HAPLOPHRAGMININAE 
Genus HAPLOPHRAGMOIDES Cushman, 1910 
 
Type Species: Nonionina canariensis D’Orbigny, 1839 
 
Species of Haplophragmoides are coarsely agglutinated, slightly involute, planispiral. 
Specimens are often compressed, making identification difficult.  
 
Haplophragmoides calcula Cushman & Waters, 1927 
Plate 2, Figs 1 – 9; Plate 46, Figs 2 – 3. 
 
1927 Haplophragmoides calcula Cushman & Waters, p. 83, pl. 10, fig. 5a, b.   
1946 Haplophragmoides calcula Cushman & Waters; Cushman, pp. 19, 20, pl. 2, figs 11-12. 
 
Diagnosis: A species of Haplophragmoides with a compressed, slightly lobate test 
although sutures may be indistinct. Test coarsely agglutinated, usually with dark grains. 
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Remarks: The compressed nature of Haplophragmoides calcula distinguishes it from other 
Haplophragmoides species and also Ammobaculites species: especially Ammobaculites 
stephensoni. 
 
Haplophragmoides eggeri Cushman 
Plate 2, Fig. 10. 
 
1910 Haplophragmoides fontinense Egger (not Terquem), p. 10, pl. 3, figs 16-18. 
1926 Haplophragmoides eggeri Cushman, p. 583, pl. 15, fig. la, b.  
1932 Haplophragmoides eggeri Cushman; Cushman & Jarvis, p. 12, pl. 3, fig. 2a, b.  
1943 Haplophragmoides eggeri Cushman; Cushman and Todd, p. 51, pl. 9, fig. 2. 
1946 Haplophragmoides eggeri Cushman; Cushman, p. 20, pl. 2, figs 9-10. 
 
Diagnosis: A finely agglutinated species of Haplophragmoides with a light-coloured test. 
The chambers are normally inflated although sutures are indistinct.  
 
Remarks:  The inflated and indistinct nature of species distinguishes Haplophragmoides 
eggeri from other species of Haplophragmoides. There is quite variable test morphology 
and this was noted by Cushman (1946) as the species was described as “distorted by 
fossilisation and assume various shapes”.  
 
Haplophragmoides rugosa Cushman & Waters, 1927 
Plate 2, Fig. 12. 
 
1927 Haplophragmoides rugosa Cushman & Waters, p. 83, pl.10, fig. 4a, b. 
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1944 Haplophragmoides rugosa Cushman & Waters; Cushman & Deaderick, p. 328, pl. 50, fig. 1. 
1946 Haplophragmoides rugosa Cushman & Waters; Cushman, pp. 20-21, pl. 2, figs 18-19. 
 
Diagnosis: A species of Haplophragmoides with inflated, bulbous, chambers. The sutures 
are slightly depressed and radial when visible. The test is coarsely agglutinated with large, 
often angular, sand grains that are usually dark in colour.  
 
Remarks: The chambers are normally more bulbous than other Haplophragmoides species. 
 
Haplophragmoides excavata Cushman & Waters, 1927 
Plate 2, Fig. 11. 
 
1927 Haplophragmoides excavata Cushman & Waters, p. 82, pl. 10, fig. 3a, b.  
1932 Haplophragmoides excavata  Cushman & Waters; Cushman & Jarvis, p. 12, pl. 3, fig. 1. 
1946 Haplophragmoides excavata Cushman & Waters; Cushman, p. 21, pl. 2, figs 13-15. 
 
Diagnosis: A species of Haplophragmoides with distinctive chambers that are slightly 
inflated and have thickened edges. The sutures are straight and radial. The wall is finely 
agglutinated and is often smooth and white.   
 
Remarks: This is a large, very distinctive species, although it is never abundant. The 
agglutinated grains are very well cemented, making this a robust species. 
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Genus AMMOBACULITES Cushman, 1910 
 
Type Species: Spirolina agglutinans D’Orbigny, 1846 
 
Species of Ammobaculites are characterised by the later chambers uncoiling to an elongate, 
uniserial, arrangement. Some Ammobaculites do not fully uncoil and, in this case, the final 
chamber appears to start to uncoil (e.g., Ammobaculites stephensoni). Ammobaculites also 
have an evolute test with more inflated chambers and better defined sutures than 
Haplophragmoides. Some species look very similar to Haplophragmoides species and this 
can cause problems in identification.   
 
Ammobaculites coprolithiformis (Schwager, 1868)  
 
1868 Ammobaculites coprolithiformis Schwager, p. 654, pl. 34, fig. 3. 
1946 Ammobaculites coprolithiformis Schwager; Cushman, pp. 22-23, pl. 3, figs 7-9.  
 
Diagnosis:  A species of Ammobaculites that has a tightly coiled early portion but uncoils 
into a very straight uniserial line in later chambers. The uncoiled chambers are uniform 
with sutures that appear to be slightly depressed. Rare species. 
 
Remarks: This is a rare species with a small initial coiled growth stage. This was initially 
described as a Recent taxon and fossil forms should probably be assigned a new name. It is 
widely recorded in both Jurassic and Cretaceous strata and, it is for this reason, that a full 
reference list is not presented. 
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Ammobaculites fragmentarius Cushman, 1927 
Plate 1, Figs 1 – 2. 
 
1927 Ammobaculites fragmentarius Cushman, p. 130, pl. 1, fig. 8. 
1946 Ammobaculites fragmentarius Cushman ; Cushman, p. 23, pl. 3, figs 10-16. 
 
Diagnosis: This is a very variable species of Ammobaculites characterised by a uniserial, 
rectilinear form that tapers towards the aperture. Chambers are distinct, increasing in size 
with growth. Some individuals are tightly coiled, with the distinct chambers somewhat 
inflated. The aperture is terminal and elliptical. 
 
Remarks: Coiled specimens are easily confused with other species of Ammobaculites 
including, for example, Ammobaculites texanus and Ammobaculites stephensoni. 
Ammobaculites fragmentarius is distinguished by the uniserial uncoiling in the later 
chambers. 
 
Ammobaculites taylorensis Cushman & Waters, 1929 
 
1929 Ammobaculites taylorensis Cushman & Waters,  p. 64, pl. 10, fig. 6a, b. 
1946 Ammobaculites taylorensis Cushman & Waters; Cushman, p. 23, pl. 3, fig. 21. 
 
Diagnosis: Test large, planispiral, compressed, finely arenaceous. Initial portion involute, 
tightly coiled, uncoils in later portion. Later portion uniserial, elongate, compressed, 
chambers distinct, increase in width rapidly as added, slightly curved. 
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Remarks: Very distinctive. Chambers rapidly increasing with width when added is 
characteristic feature of this species. 
 
Ammobaculites subcretaceus Cushman & Alexander, 1930 
Plate 1, Figs 5 – 6. 
 
1930 Ammobaculites subcretaceus Cushman & Alexander, p. 6, pl. 2, figs 9-10. 
1946 Ammobaculites subcretaceus Cushman & Alexander; Cushman, p. 23, pl. 3, figs 18-20. 
 
Diagnosis: This is a compressed, small, species of Ammobaculites. The tightly coiled early 
chambers then uncoil into a straight uniserial line.  
 
Remarks: This is a quite distinctive species. The specimens are often coarsely agglutinated 
despite the small size. It differs from A. taylorensis in having uncoiled chambers that are 
relatively uniform in size and shape. This is a cosmopolitan species that has an almost 
world-wide distribution and, if correctly identified, a range throughout the Cretaceous. 
 
Ammobaculites texanus Cushman, 1933 
Plate 1, Figs 7 – 13. 
 
1933 Ammobaculites texanus Cushman, p. 50, pl. 5, fig. 3. 
1946 Ammobaculites texanus Cushman ; Cushman, pp. 23-24, pl. 3, figs 22-23. 
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Diagnosis: This is a large and very coarsely agglutinated species of Ammobaculites. The 
chambers are lobate and distinct. The test is compressed, with the umbilical region often 
depressed.  
 
Remarks: A. texanus is a large, coarsely agglutinated species compared to some other 
smaller Ammobaculites species. It does not uncoil in later chambers, which become more 
lobate with maturity. 
 
Ammobaculites stephensoni Cushman, 1933 
Plate 1, Figs 3 – 4. 
 
1933 Ammobaculites stephensoni Cushman, p. 49, pl. 5, fig. 2a, b. 
1944 Ammobaculites stephensoni Cushman; Cushman & Deaderick, p. 329, pl. 50, fig. 3. 
1946 Ammobaculites stephensoni Cushman; Cushman, p. 24, pl. 3, fig. 17. 
 
Diagnosis: This is a compressed species of Ammobaculites with indistinct chambers. The 
test begins to uncoil in the later chambers, this uncoiling is usually incomplete.  
 
Remarks: A. stephensoni is a rather indistinct, small and compressed species. In this 
respect it can be separated from other species of Ammobaculites.   
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Genus FLABELLAMMINA Cushman, 1928 
 
Type Species: Flabellammina alexanderi Cushman, 1928 
 
Flabellammina species have large, oblong, elongate, very much compressed tests with a 
coarse agglutinated wall structure. Chambers and decoration are normally indistinct. The 
lack of visible chambers and the overall test shape and size make Flabellammina species 
quite distinctive.  These large species are often regarded as being found in deeper water 
environments (Hart et al., 2011) and where not recorded by Olsson et al. (1996, fig. 14) in 
the shallower-water succession recorded at Miller’s Ferry (Alabama). 
 
Flabellammina rugosa Alexander & Smith, 1932 
 
1932 Flabellammina rugosa Alexander & Smith, p. 302, pl. 45, figs 6-9, t.fig. 1. 
1946 Flabellammina rugosa Alexander & Smith; Cushman, pp. 24-25, pl. 4, figs 9-10. 
 
Diagnosis: A species of Flabellammina with an elongate, narrow and compressed test. The 
wall may be very coarsely agglutinated composed of large detrital grains and, often, 
fragments of foraminifera.  
 
Remarks: Flabellammina rugosa is more oblong and elongate than other species of 
Flabellammina. The chambers are very indistinct. 
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Flabellammina magna Alexander & Smith, 1932 
 
1932 Flabellammina magna Alexander & Smith, 
1946 Flabellammina magna Alexander & Smith; 
 
Diagnosis: A large species of Flabellammina with an elongate, compressed, oval to 
elliptical shape which tapers slightly at the apical end. The wall is coarsely agglutinated 
with large angular detrital grains set in a fine ground mass. 
 
Remarks: The size of Flabellammina magna distinguishes this species from other 
Flabellammina species. The appearance of the chambers is also particularly distinctive as 
they are more inflated and rounded than other Flabellammina species. 
 
Flabellammina compressa (Beissel, 1891) 
 
1891 Haplophragmium compressum Beissel, p. 16, pl. 4, figs 11-23. 
1928 Ammobaculites compressa (Beissel); Franke, p. 166, pl. 15, fig. 10. 
1932 Flabellammina compressa (Beissel); Alexander & Smith, p. 305, pl. 46, figs 2, 3, 5-9. 
1946 Flabellammina compressa (Beissel); Cushman, p. 25, pl. 4, figs 3-6. 
 
Diagnosis: This is a small, strongly compressed, species of Flabellammina with indistinct 
chambers and which appears elliptical, elongate or ovoid in overall appearance. 
 
Remarks: Flabellammina compressa is small and compressed and rather indistinct. Other 
species of Flabellammina are normally larger with quite subtle distinguishing features. 
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Genus FRANKEINA Cushman & Alexander, 1929 
 
Type Species; Frankeina goodlandensis Cushman and Alexander, 1929 
 
Frankeina species are large, agglutinated, with very coarsely arenaceous walls that contain 
large angular grains, some foraminiferal detritus and preferentially contain heavy minerals. 
Frankeina species are planispirally coiled in the initial stage but much of the test is 
uniserial and triangular in section, the architecture of which is a determining characteristic 
for each species. Species are often more coarsely agglutinated and the chambers less 
distinct than in Tritaxia spp. 
 
Frankeina taylorensis Cushman & Waters, 1929 
Plate 3, Figs 7 – 9; Plate 46, Fig. 11. 
 
1929 Frankeina taylorensis Cushman & Waters, p. 63, pl. 10, fig. 3a, b. 
1932 Frankeina taylorensis Cushman & Walters; Alexander & Smith, p. 310, pl. 47, figs 7, 9.  
1946 Frankeina taylorensis Cushman & Walters; Cushman, p. 25, pl. 5, figs 1, 2. 
 
Diagnosis: Test large, wall coarsely agglutinated, triangular in section with sides being 
concave. Almost all the test is uniserial after an initial planispiral coil. Chambers increase 
slightly in size with maturity. The distinct chambers are slightly inflated with distinct, 
depressed sutures. The test tapers at both ends, particularly at the apertural end (but not to a 
point).  
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Remarks: The distinguishing feature of Frankeina taylorensis is the distinctive chambers 
and depressed sutures, which are less evident on other species of Frankeina. The final 
chamber on Frankeina taylorensis tapers off to a rounded point as opposed to other species 
of the genus. 
 
Frankeina cushmani Alexander & Smith, 1932 
Plate 3, Figs 1 – 2; Plate 46, Figs 8 – 9. 
 
1891 Haplophragmium murchisoni Beissel (not Reuss), p. 15, pl. 4, figs 1-10. 
1928 Ammobaculites murchisoni (Beissel); Franke, p. 165, pl. 15, fig. 5. 
1932 Frankeina cushmani Alexander & Smith, p. 309, pl. 47, figs 10, 11. 
1946 Frankeina cushmani Alexander & Smith; Cushman, p. 25, pl. 4, figs 11, 12. 
 
Diagnosis: Test broad and elongate, increasing in width with maturity. The chambers are 
uniserial, indistinct, with sutures that are slightly depressed. The test is triangular in cross-
section, but asymmetrical. The wall structure is very coarsely agglutinated, often including 
angular, bioclastic (molluscan debris and other foraminifera) grains. Chambers are very 
slightly concave. The final chamber is rounded with the aperture located in the centre of the 
triangular section.    
 
Remarks: This species is shorter and more coarsely agglutinated than other species of 
Frankeina. F. cushmani is also asymmetrical in places, with a variable triangular cross-
section. F. cushmani frequently includes angular bioclastic grains which are rare, or not 
present, in other species. Cushman (1946, p. 25) makes particular note of the presence of 
molluscan debris or other foraminifera being components of the agglutinated wall structure.  
  Chapter 5 - Taxonomy 
93 
 
 
Frankeina rugosissima Alexander & Smith, 1932 
Plate 3, Figs 3 – 6; Plate 46, Fig. 10. 
 
1932 Frankeina rugosissima Alexander & Smith, p. 311, pl. 47, figs 12, 13. 
1946 Frankeina rugosissima Alexander & Smith; Cushman, pp. 25, 26, pl. 4, figs 13, 14. 
 
Diagnosis: The test is large, elongate and thin. The chambers increase rapidly in the early 
portion of the test but hardly at all in the later stages of growth. The uniserial chambers are 
very indistinct, largely due to the very coarse, highly angular agglutinated wall structure 
which infrequently contains bioclastic material. Sides of the test are slightly concave. The 
final chamber is triangular in section and tapers to a point.   
 
Remarks: This is the most elongate and most coarsely agglutinated species of Frankeina. 
Specimens can be very large (<4 mm). The test may sometimes be asymmetrical in section, 
especially in the early portion, and may be confused with Frankeina taylorensis.  
 
Family TEXTULARIIDAE 
Genus SPIROPLECTAMMINA Cushman, 1927 
 
Type Species; Textularia agglutinans d’Orbigny var. biformis Parker and Jones, 1865 
 
Species of Spiroplectammina are generally small, finely agglutinated with a biserial 
chamber arrangement. Occasionally, in well preserved specimens, the initial portion of the 
test may appear slightly coiled. Chambers overlap each other in the later growth stages. The 
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sutures are generally slightly raised with chamber surfaces slightly concave. The chambers 
taper to a ridge on either side, which is a distinguishing feature and this can help to 
differentiate this geneus from other biserial, finely agglutinated genera such as Dorothia or 
Marssonella.  
 
Spiroplectammina laevis (Roemer) Cushman var. cretosa Cushman 
 
1932 Spiroplectammina laevis (Roemer) Cushman var. cretosa Cushman, p. 87, pl. 11, fig. 3a, b. 
1940 Spiroplectammina laevis (Roemer) Cushman var. cretosa Cushman; Cushman, p. 52, pl. 9, fig. 3. 
1944 Spiroplectammina laevis (Roemer) Cushman var. cretosa Cushman; Cushman & Deaderick, p. 329, pl. 
50, fig. 6. 
1946 Spiroplectammina laevis (Roemer) Cushman var. cretosa Cushman; Cushman, pp. 27, 28, pl. 6, figs 1-3. 
 
Diagnosis: Test small, stout, increasing in breadth rapidly with growth. The wall is finely 
agglutinated with visible, clear, raised sutures and slightly concave chambers. The biserial 
arrangement of the chambers is seen to overlap in the centre of the specimen. The chambers 
taper at their ends to create a ridge on either side of the test. Chambers may become slightly 
inflated with maturity.  
 
Remarks: The distinguishing feature of this species is the increase in chamber size with 
maturity. The adult portion of the test is much wider than the earlier growth stages, creating 
a distinctive ‘V’ shape to the test.  
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Spiroplectammina semicomplanata (Carsey, 1926)  
 
1926 Textularia semicomplanata Carsey, p. 25, pl. 3, fig. 4. 
1931 Spiroplectammina semicomplanata (Carsey); Plummer, p. 129, pl. 8, fig. 7 (not fig. 8).  
1932 Spiroplectammina semicomplanata (Carsey); Cushman, pp. 94, 96, pl. 11, figs 8, 9. 
1946 Spiroplectammina semicomplanata (Carsey); Cushman, p. 28, pl. 6, figs 5-14. 
 
Diagnosis: Test is elongate, small and finely agglutinated. The test tapers to point at the 
earliest portion. The chambers are distinct, slightly inflated, overlapping each other in a 
biserial arrangement. Sutures are distinct and may be depressed or slightly raised, gently 
curved backwards towards the periphery. The chambers taper at their ends to create a ridge 
on either side of the test. Chambers become slightly inflated with maturity. 
 
Remarks: Spiroplectammina semicomplanata is more bulbous than S. laevis. The 
chambers of S. semicomplanata are also more inflated. S. semicomplanata also has a more 
variable shape to its test in comparison to the distinctive “V” shape to the test of S. laevis 
var. cretosa. 
 
Genus TEXTULARIA Defrance, 1824 
 
Type Species; Textularia sagittula Defrance in De Blainville, 1824 
 
Species of the genus Textularia are distinctively agglutinated, varying in surface texture 
from smooth to fine. The characteristic feature that distinguishes Textularia species from 
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other genus is an ovate section with a biserial, overlapping chamber arrangement. 
Chambers are distinctive and emphasised by depressed sutures.  
 
Textularia ripleyensis Berry, 1929 
 
1929 Textularia ripleyensis Berry in Berry & Kelley, p. 4, pl. 2, fig. 2. 
1932 Textularia ripleyensis Berry in Berry & Kelley; Cushman, p. 96, pl. 11, figs 12, 13. 
1944 Textularia ripleyensis Berry in Berry & Kelley; Cushman & Deaderick, p. 329, pl. 50, figs 7, 8. 
1946 Textularia ripleyensis Berry in Berry & Kelley; Cushman, pp. 29, 30, pl. 6, figs 17-20. 
 
Diagnosis: Test compressed, small, increasing width with maturity. The wall is finely 
agglutinated, smooth in places but often roughened towards the edges of the chambers. The 
chambers are distinct and emphasised by the depressed sutures. The chambers increase in 
size with maturity, creating an ovate cross-section. 
 
Remarks: Cushman (1946) reports that this is a common and widely distributed species. It 
is ovate in cross-section as opposed to tapering at the edges like Spiroplectammina spp. 
Occasional larger grains are included in the agglutinated wall structure.  
 
Textularia subconica Franke, 1928 
 
1928 Textularia trochus d’Orbigny var. subconica Franke, p. 131, pl. 12, fig. 1. 
1932 Textularia subconica Franke; Cushman, p. 95, pl. 11, fig. 11a, b. 
1946 Textularia subconica Franke; Cushman, p. 30, pl. 6, figs 21, 22. 
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Diagnosis: Test short and stout with an ovate to rounded cross-section. A few of the 
chambers are distinctive, with slightly depressed sutures. The test increases in width rapidly 
with maturity with a finely agglutinated smooth surface. 
 
Remarks: Most specimens are ovate to rounded in cross-section, with a flattened top. This 
occasionally makes separation from Marsonella quite difficult. This species is slightly 
longer than broad, with an angled periphery. 
 
 
Family VERNEUILINIDAE 
Genus VERNEUILINA d’Orbigny, 1840 
 
Type Species; Verneuilina tricarinata d’Orbigny, 1840 
 
Test small, triserial at first, but may become biserial or uniserial in later growth stages. 
Chambers are inflated and slightly globular. The wall structure is normally finely 
agglutinated. 
 
Verneuilina bearpawensis Wickenden, 1932 
 
1932 Verneuilina bearpawensis Wickenden, p. 87, pl. 1, fig. 8. 
1937 Verneuilina bearpawensis Wickenden; Cushman, p. 13, pl. 1, fig. 18. 
1946 Verneuilina bearpawensis Wickenden; Cushman, p. 31, pl. 7, figs 4-6. 
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Diagnosis: The test appears triserial in earliest growth stage, becoming biserial in the later 
portion. The small test is elongate, with a very pronounced ‘tip’ in the juvenile stage. The 
chambers are distinct, somewhat inflated, increasing in size with maturity with distinct 
sutures. The wall is very finely agglutinated with a smooth wall structure created by the 
cement. There is often a brown lustre to specimens.   
 
Remarks: This is a small, rare, species that may be confused with non-agglutinated genera 
such as Virgulina. The wall is very finely agglutinated with an initial triserial chamber 
arrangement followed by a biserial growth stage. There is often a brown lustre apparent 
under the optical microscope which can be distinctive. Cushman (1946) includes this 
feature in his description of the species but does not explain the reason for this appearance. 
This may be due to the organic inner lining of the test being visible through the cement that 
dominates the wall structure. 
Verneuilina cretosa Cushman, 1933 
 
1933 Verneuilina cretosa Cushman, p. 31, pl. 5, fig. 7a, b. 
1946 Verneuilina cretosa Cushman; Cushman, p. 31, pl. 7, fig. 7. 
 
Diagnosis: Test elongate, tapering, with the greatest width at the apertural end. Triserially 
arranged chambers increase in size gradually and uniformly. The test is triangular in cross-
section with chambers overlapping to create a serrated periphery. The sutures are limbate, 
distinct and slightly depressed. The wall structure finely agglutinated. 
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Remarks:  This species may appear similar to species of Gaudryina and Gaudryinella, but 
the serrated appearance to periphery and the distinctive, limbate, sutures are usually 
diagnostic features.  
 
Genus TRITAXIA Reuss, 1860 
 
Type Species; Textularia tricarinata Reuss, 1844 
 
All species of Tritaxia have finely to coarsely agglutinated, elongate, triserial tests. They 
appear triangular in cross section, often with chamber walls that are slightly concave. The 
final chambers may be uniserial with the rounded aperture elevated on a small, tubular neck 
arising from the centre of the final chamber. 
 
Tritaxia jarvisi Cushman, 1936 
Plate 4, Figs 1 – 5. 
 
1932 Tritaxia pyramidata Cushman & Jarvis (not Reuss), p. 16, pl. 4, fig. 4a, b. 
1936 Tritaxia jarvisi Cushman, p. 28, pl. 4, fig. 8. 
1946 Tritaxia jarvisi Cushman; Cushman, pp. 31, 32, pl. 7, fig. 9.  
 
Diagnosis: Test, large, elongate and tapering from an initial sub-acute growth stage. Test is 
triangular in cross-section with flat sides. Growth is triserial in the initial portion but the 
final one or two chambers may be uniserial and overlap the earlier chambers. The sutures 
and chambers are indistinct, not inflated. The aperture is on a thin neck that extends out of 
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the centre of the final chamber. Wall structure may be coarsely agglutinated, but with a 
smooth appearance in places.  
 
Remarks: The aperture extending out of a thin, tube-like rounded neck in the distinctive 
feature of this species.  The final apertures of Clavulinoides and Gaudryina are not similar 
to this and so it can be used as a defining feature.  
 
 
Genus GAUDRYINA d’Orbigny 1839 
 
Type Species; Gaudryina rugosa d’Orbigny, 1840 
 
The genus Gaudryina is characterised by elongate, small tests which are triangular in cross-
section and with a fine to coarse agglutinated wall structure. Gaudryina species are 
typically triserial in the early growth stages, becoming biserial in the later portion with the 
aperture inclined on the final chamber facing outwards from the test. The aperture is 
normally within an arch-like lip but this is infrequently observed. 
 
Gaudryina navarroana Cushman, 1932 
Plate 9, Fig. 23. 
 
1932 Gaudryina navarroana Cushman, p. 98, pl. 11, figs 15, 16. 
1937 Gaudryina navarroana Cushman; Cushman, p. 43, pl. 7, fig. 1. 
1946 Gaudryina navarroana Cushman; Cushman, p. 33, pl. 7, fig. 17. 
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Diagnosis: Test elongate, tapering, earliest portion triserial, becoming biserial in later 
growth stages. The sutures are distinct, becoming more strongly depressed in later growth 
stages. The wall is coarsely agglutinated but with a smooth finish. The final chamber is 
raised with thickened margins, almost appearing uniserial. The aperture is at the base of a 
deep recess.  
 
Remarks: This is a very distinctive form of Gaudryina species due to the final chamber 
arrangement and aperture.  
 
Gaudryina quadrans Cushman, 1936 
 
1936 Gaudryina quadrans Cushman, p. 6, pl. 1, fig. 12a, b. 
1937 Gaudryina quadrans Cushman; Cushman, p. 47, pl. 7, figs 11, 12. 
1944 Gaudryina quadrans Cushman; Cushman & Deaderick, p. 330, pl. 50, figs 11, 12. 
1946 Gaudryina quadrans Cushman; Cushman, p. 35, pl. 8, figs 2, 3. 
 
Diagnosis: Test elongate, small, almost pyramid-like, with a quadrate cross-section.  The 
wall is finely agglutinated. The chambers are relatively distinct with slightly depressed 
sutures. The chambers increase in size very gradually with maturity. The specimens are 
triserial in the earliest portion, becoming subtly biserial in later growth stages. 
 
Remarks: The quadrate shape in cross-section and four-sided pyramid-like test are the 
distinctive features of this species. This ensures that there is no confusion with, for 
example, the genus Marsonella. 
 
  Chapter 5 - Taxonomy 
102 
 
The following species were placed in sub-genera by Cushman (1946) and while this style of 
classification is often avoided in modern literature, these forms are quite well-known with 
their sub-generic names. They are included here with the sub-generic names still included. 
 
Gaudryina (Siphogaudryina) austinana Cushman, 1936 
Plate 9, Figs 21 – 22.  
 
1936 Gaudryina (Siphogaudryina) austinana Cushman, p. 10, pl. 2, fig. 6a, b. 
1942 Gaudryina (Siphogaudryina) austinana Cushman; Cushman & Deaderick, p. 53, pl. 9, figs 15, 16. 
1946 Gaudryina (Siphogaudryina) austinana Cushman; Cushman, p. 35, pl. 8, figs 5-7. 
 
Diagnosis: Test is small, somewhat longer than broad. Early chambers triserial, giving a 
triangular appearance. Later chambers biserial giving a quadrangular appearance. The test 
shape, where opposing faces are convex and the other opposing faces are concave, creates a 
very distinctive cross-section with sharp angles. Chambers increase gradually in size with 
maturity becoming slightly inflated in the later growth stages. The wall is finely 
agglutinated, with much cement that gives a smooth appearance over most of the test. 
Aperture is rather small, in a depression near margin of last-formed chamber.  
 
Remarks: The shape of this species in cross-section is its distinguishing feature. 
 
Gaudryina (Pseudogaudryina) ellisorae Cushman, 1936 
 
1936 Gaudryina (Pseudogaudryina) ellisorae Cushman, p. 13, pl. 2, fig. 12a, b. 
1946 Gaudryina (Pseudogaudryina) ellisorae Cushman; Cushman, pp. 35, 36, pl. 8, figs 12, 13. 
  Chapter 5 - Taxonomy 
103 
 
 
Diagnosis: Test is elongate, longer than broad. The early stage is triserial and triangular in 
cross-section, becoming biserial in later growth stages. The cross-section displays a 
isosceles-like triangular shape. Chambers are indistinct to distinct with sutures only slightly 
depressed. The wall structure is variable, from coarsely agglutinated and roughened to 
much finer grained and smooth as a result of the cement. 
 
Remarks:  The distinctive isosceles-like triangular shape in cross-section is the 
distinguishing feature of this species. However, the chamber arrangement of this species is 
variable, as is the texture of the surface. Cushman (1946) indicates that this is probably an 
environmental variable. 
 
Gaudryina (Pseudogaudryina) pyramidata Cushman, 1926 
 
1926 Gaudryina laevigata Franke var. pyramidata Cushman, p. 587, pl. 16, fig. 8a, b. 
1937 Gaudryina (Pseudogaudryina) pyramidata Cushman; Cushman, p. 87, pl. 12, fig. 13. 
1946 Gaudryina (Pseudogaudryina) pyramidata Cushman; Cushman, p. 36, pl. 8, fig. 14. 
 
Diagnosis:  Test is elongate, longer than broad, and triangular/pyramidal in cross-section. 
Growth is triserial becoming biserial in later stages. Chambers are somewhat distinct, 
slightly inflated with faintly depressed sutures. The wall structure is coarsely agglutinated 
but smooth in appearance. Aperture is under large outward-facing arch on top of the final 
chamber. 
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Remarks: This species may be similar in appearance to Gaudryina (Pseudogaudryina) 
ellisorae, although cross-section of these two species are normally distinct. Gaudryina 
(Pseudogaudryina) pyramidata also has a distinct aperture which is under a large arch-
shaped opening, facing outwards from the test. 
 
Genus GAUDRYINELLA Plummer, 1931 
 
Type Species; Gaudryinella delrioensis Plummer, 1931  
 
Species of Gaudryinella are elongate, often small, with a fine agglutinated wall structure. 
Gaudryinella is typically triserial in the early growth stages becoming biserial in the later 
portion and often uniserial in mature forms. Chambers are often inflated with the aperture 
rounded and terminal on top of the final chamber.  
 
 
Gaudryinella pseudoserrata Cushman, 1932 
Plate 9, Figs 5 – 20. 
 
1932 Gaudryinella pseudoserrata Cushman, p. 99, pl. 11, figs 20, 21. 
1932 Gaudryinella pseudoserrata Cushman; Cushman & Todd, p. 51, pl. 9, fig. 5. 
1946 Gaudryinella pseudoserrata Cushman; Cushman, p. 36, pl. 8, figs 15-21. 
 
Diagnosis: Test is elongate with earliest growth stages triserial, later becoming biserial and 
somewhat compressed. Chambers are distinct and slightly inflated, becoming more lobate 
with maturity. Some specimens display a uniserial growth stage. Chambers in the uniserial 
  Chapter 5 - Taxonomy 
105 
 
form are a prolate spheroid with some overlap between chambers. Sutures are also distinct, 
particularly in the later growth stages. Wall structure tends to be coarsely agglutinated with 
a rough finish in the later chambers. 
 
Remarks: This species looks similar to many species of Gaudryina in the initial stages, but 
the later, uniserial portion, is a distinguishing feature of this species.  
 
Genus CLAVULINOIDES Cushman, 1936 
 
Type Species; Clavulina trilatera Cushman, 1926 
 
Species of Clavulinoides are initially triserial in the very earliest growth stages but quite 
abruptly become uniserial. They are triangular in cross-section with sides that may become 
concave. Chambers are often distinct with slightly depressed sutures. Chambers overlap 
slightly and may appear to flare. The wall structure is generally finely agglutinated, 
although larger, angular grains may be included in the wall. Aperture is simple, terminal 
and rounded on top of the final chamber of the uniserial growth stage. The final chamber 
often tapers to a point, but not in all cases.  
 
Clavulinoides trilatera (Cushman, 1926)  
Plate 7, Figs 1 – 18. 
 
1926 Clavulina  trilatera Cushman, p. 588, pl. 17, fig. 2.  
1937 Clavulinoides trilatera (Cushman); Cushman, p. 121, pl. 16, figs 12-18. 
1946 Clavulinoides trilatera (Cushman); Cushman, p. 38, pl. 9, figs 10-16. 
  Chapter 5 - Taxonomy 
106 
 
 
Diagnosis: Test elongate, tapers to a point in the initial growth stages where the chamber 
arrangement is triserial. Most specimens quickly become uniserial in later portion. 
Specimens are triangular in cross-section with straight sides. Chambers increase rapidly in 
size but the overall shape soon becomes nearly parallel-sided. Chambers are distinct with 
slightly depressed sutures. The final chamber is rounded with a simple aperture at the top of 
final chamber, although it is sometimes raised and projecting slightly. The wall structure is 
finely agglutinated and smoothly finished. 
 
Remarks: This is a variable species, showing variation in the shape of the final chamber, 
which may be rounded or a prolate spheroid. The aperture often projects slightly from the 
tip of the final chamber or may be flush to the chamber. The obvious sutures and the 
smooth finish to the chambers are also distinguishing features. 
 
 
Clavulinoides trilatera (Cushman) Cushman var. concava (Cushman, 1931)  
Plate 6, Figs 1 – 10; Plate 8, Figs 1 – 25. 
 
1931 Clavulinoides trilatera (Cushman) Cushman var. concava Cushman, p.302, pl.34, fig. 12a, b. 
1944 Clavulinoides trilatera (Cushman) Cushman var. concava Cushman; Cushman and Deaderick, p. 330, 
pl. 50, figs 18-21. 
1946 Clavulinoides trilatera (Cushman) Cushman var. concava Cushman; Cushman, p. 38, pl. 9, figs 17-22. 
 
Diagnosis: Test elongate, quickly becomes uniserial in later portion. Triangular in cross-
section, with sides that range from slightly concave to being quite obviously concave. 
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Chambers increase rapidly in the later stages and then become nearly parallel. Chambers 
are distinct with slightly depressed sutures. The final chamber is rounded. Wall structure is 
finely agglutinated. 
 
Remarks: This variety differs from Clavulinoides trilatera by virtue of having concave 
sides and being more acutely triangular in section. There is some variation within this 
variety and the separation from Clavulinoides trilatera can be difficult. 
 
Clavulinoides  trilatera (Cushman) var plummerae (Sandidge) Cushman, 1937 
 
1932 Clavulina plummerae Sandidge, p. 270, pl. 41, figs 17, 18. 
1937 Clavulinoides  trilatera (Cushman) var plummerae (Sandidge); Cushman, p. 122, pl. 16, fig. 26. 
1946 Clavulinoides  trilatera (Cushman) var plummerae (Sandidge); Cushman, p. 38, pl. 9, fig. 23. 
 
Diagnosis: Test elongate, quickly becoming uniserial in later portion. Triangular in cross-
section, possessing quite sharp, straight sides. The sides vary from slightly concave to 
being quite obviously concave. Chambers increase rapidly in the initial phase but soon 
become nearly parallel. The chambers are distinct with slightly depressed sutures. Final 
chamber is inflated and rounded, almost bulbous. Wall structure is finely agglutinated.. 
 
Remarks: This variety differs from Clavulinoides trilatera by virtue of the final chamber 
becoming bulbous, inflated and rounded. There is some variation within the morphology of 
this variety and it can be difficult to separate this variety from Clavulinoides trilatera s.s. 
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Clavulinoides aspera (Cushman) Cushman, 1937 
Plate 5, Figs 1 – 20. 
 
1926 Clavulina trilatera Cushman var. aspera Cushman, p. 589, pl. 17, fig. 3. 
1928 Clavulina aspera Cushman and Jarvis, p. 93, pl. 13, fig. 5. 
1937 Clavulinoides aspera (Cushman); Cushman, p. 122, pl. 16, figs 27-31. 
1946 Clavulinoides aspera (Cushman); Cushman, pp. 38, 39, pl. 9, figs 24-30. 
 
Diagnosis: Test elongate, with chambers increasing rapidly in the initial portion, which 
may be triserial but this is difficult to determine. Growth quickly becomes uniserial in later 
growth stage. The test is strongly triangular in section with straightened sides. Chambers 
are parallel and almost uniform in later growth stage. Chambers are distinct with sutures 
that are slightly depressed, but variable. Some sutures are deeply depressed, giving later 
chambers a slightly bulbous appearance. Final chamber often tapers to point on top of 
which is a simple aperture. Wall structure is finely agglutinated, but may occasionally be 
coarser grained. 
 
Remarks: Clavulinoides aspera is smaller than other species of Clavulinoides and is also 
more triangular in cross-section, while other species are more concave. C. aspera is also 
parallel-sided in the later growth stages and quite uniform, while in other species the 
chambers tend to increase gradually in the later growth stages. Clavulinoides aspera 
(Cushman) Cushman, p. 38, pl. 9, figs. 24 – 30 has been included in the synonymy list of 
Clavulinoides aspera. However, these specimens (especially figs. 24, 25, 28, 30) were put 
into synonymy with Clavulinoides amorpha (Cushman) when this species was emmended 
by Alegret and Thomas (2001). This species has typically globular chambers, rounded in 
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section, in the last portion of the test, and include many specimens that have commonly 
been called Clavulinoides aspera, but the holotype of Clavulina trilatera var. aspera 
Cushman (Cushman Collection No. 5154) has angular chambers throughout the test, 
instead of having the globular, inflated chambers of C. amorpha 
 
Clavulinoides insignis (Plummer) Cushman, 1937 
 
1931 Clavulina insignis Plummer, p. 138, pl. 8, figs 1-4. 
1937 Clavulinoides insignis (Plummer); Cushman, p. 124, pl. 17, figs 14-17. 
1946 Clavulinoides insignis (Plummer); Cushman, pp. 39, 40, pl. 19, figs 8-11. 
 
Diagnosis: Test elongate, triangular in cross-section with sides that are deeply concave, 
creating a keeled appearance to the wall sides. The chamber rapidly increases in width in 
the later growth stages. Test is uniserial in final portion, tapering to a rounded point in the 
final chamber. The chambers are distinct and sutures slightly depressed. The wall structure 
is finely agglutinated. 
 
Remarks: The distinguishing features of Clavulinoides insignisis are the deeply concave 
sides and the increase in breadth of the later chambers. 
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Genus PSEUDOGAUDRYINELLA Cushman, 1936 
 
Type Species; Gaudryinella caitosa Cushman, 1933 
 
Species of Pseudogaudryinella are elongate, triserial and triangular in the early portion but 
then becoming biserial and flattened in middle growth stages. Pseudogaudryinella is 
distinctive as species become uniserial with bulbous, flattened, large chambers. This feature 
differentiates this genus from species of Tritaxia and Gaudryina.  
 
Pseudogaudryinella capitosa (Cushman) Cushman, 1937 
Plate 9, Fig. 24; Plate 11, Figs 1 – 18; Plate 46, Fig. 5. 
 
1933 Gaudryinella capitosa Cushman, p. 52, pl. 5, fig. 8a-c. 
1937 Pseudogaudryinella capitosa (Cushman); Cushman, p. 139, pl. 19, fig. 12. 
1946 Pseudogaudryinella capitosa (Cushman); Cushman, p. 40, pl. 10, figs 15-19. 
 
Diagnosis: Elongate test, with a triserial initial portion that quickly becomes biserial and 
then uniserial in the later growth stages. The initial chambers are indistinct, with sutures 
also indistinct. In the later portion chambers are distinct as the test becomes uniserial with 
bulbous, but flattened chambers. The uniserial stage is variable in both size and 
architecture. The aperture is rounded and simple. The wall is coarsely agglutinated. 
 
Remarks: This species may be confused with species of Tritaxia and Gaudryina species in 
juvenile forms but the uniserial uncoiling is the characteristic feature of more mature 
specimens of this species.  
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Genus HETEROSTOMELLA Reuss, 1865 
 
Type Species; Sagrina rugosa d’Orbigny, 1840 
Species of Heterostomella have a distinctive elongate test that is rhombic to square in 
cross-section, but may occasionally be rounded. There are prominent longitudinal ridges on 
the sides that run the length of the test and often bifurcate. Biserial chambers form the 
majority of test, which may be triserial in the initial growth stages. Later chambers are 
more distinct with the final chamber often being rounded with an aperture that is often 
raised on asmall neck arising from the terminal point in final chamber. The variable 
longitudinal ridges create a significant variability in appearance within the genus. 
 
Heterostomella austinana Cushman, 1933 
 
1933 Heterostomella austinana Cushman, p. 53, pl. 6, figs 1-3. 
1946 Heterostomella austinana Cushman; Cushman, p. 41, pl. 11, figs 2-7. 
 
Diagnosis: Elongate test with chambers that increase rapidly in size after a small, pointed, 
earliest portion, which may possibly be triserial. The test rapidly becomes biserial and the 
chambers become uniform and parallel-sided. The chambers are indistinct because the 
sutures are also rather indistinct. Large, longitudinal linear depressions and ridges run the 
length of the test. Final chamber may be rounded and more distinct. The wall is finely 
agglutinated. 
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Remarks: The test is characterised by the long, linear, continuous depressions and ridges 
on the outer test wall. Other species of Heterostomella also have this ornamentation but not 
in this orientation or apparent continuity. 
 
Heterostomella americana Cushman, 1936 
 
1928 Heterostomella foveolata Cushman (non Marsson), p. 111, pl. 16, figs 9-12. 
1936  Heterostomella americana Cushman, p. 24, pl. 3, fig. 20. 
1946  Heterostomella americana Cushman; Cushman, pp. 41, 42, pl. 11, figs 10, 12-21.  
 
Diagnosis: Elongate test with chambers increasing rapidly in size. Chambers quickly 
become biserial, uniform and parallel-sided. Chambers are obscured by the numerous 
longitudinal ridges and linear depressions that cover the test. Final chamber may be 
rounded and more distinct, and may also become compressed. The wall is finely 
agglutinated. 
 
Remarks: Heterostomella americana is similar in test arrangement to H. austinana but has 
numerous, longitudinal linear depressions and ridges on the test surface which are not in a 
continuous pattern (as in H. austinana) which gives it a distinctive appearance. Cushman 
(1946) also notes that the microspheric forms may be fusiform in shape  while the 
megalospheric forms tend to have the greatest breadth towards the apertural end of the test. 
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Heterostomella cuneata Sandidge, 1932 
 
1932 Heterostomella cuneata Sandidge, p. 269, pl. 41, figs 11, 15, 16. 
1946 Heterostomella cuneata Sandidge; Cushman, p. 42, pl. 11, figs 22, 23. 
 
Diagnosis: Elongate test, tapering with the widest part near the apertural end. Triserial, 
then biserial, with chambers that are uniform and parallel-sided. The chambers are very 
indistinct and sutures only slightly depressed. The sides are often concave between thick, 
linear ridges and depressions that cover the test. Test almost ‘star-shaped’ in cross-section. 
The wall is finely agglutinated with a great deal of calcareous cement. 
 
Remarks: Heterostomella cuneata has distinctive, large, continuous longitudinal ridges 
over the surface of the test. Between these ridges, the chambers are strongly concave and 
this is different from other species of Heterostomella. 
 
 
Family VALVULINIDAE 
Genus ARENOBULIMINA Cushman, 1927 
 
Type Species; Bulimina preslii Reuss, 1845 
 
Arenobulimina species are small, stout and often rounded in appearance, looking very 
similar to species of Bulimina and Buliminella, but for the fact that the wall structure is 
very finely agglutinated. Species of Arenobulimina often have an intricate chamber 
arrangement of several chambers per whorl that appear to coil upon each other.  
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Arenobulimina americana Cushman, 1936 
 
1931 Arenobulimina preslii Cushman (non Reuss), p. 303, pl. 34, fig. 13a, b. 
1936  Arenobulimina americana Cushman, p. 27, pl. 4, fig. 9a, b. 
1946  Arenobulimina americana Cushman; Cushman, pp. 42, 43, pl. 12, fig. 1. 
 
Diagnosis: Test small, short and broad. The last-formed whorl of four chambers makes up 
most of the test with the final chamber wrapping itself around the entire test, obscuring 
many of the chambers. The chambers are distinct and the sutures somewhat depressed. The 
wall is very finely agglutinated, with a smooth finish. 
 
Remarks: This is a very distinctive species by virtue of the final chamber wrapping itself 
around almost the entire test.  
 
Genus MARSSONELLA Cushman, 1933 
 
Type Species; Gaudryina oxycona Reuss, 1860 
 
Species of Marssonella are agglutinated, walls that range from fine-grained to coarse-
grained. The test is conical and circular in section and gradually tapering. There are several 
chambers (4-5) in the initial growth stage, but becoming biserial with compressed chambers 
that often increase in width. The terminal face is often flattened and sometimes concave, 
with a broad, low aperture.  
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Marssonella oxycona (Reuss) Cushman, 1933 
 
1860 Gaudryina oxycona Reuss, p. 229, pl. 12, fig. 3. 
1933 Marssonella oxycona (Reuss) Cushman, p. 36, pl. 4, fig. 13a, b. 
1946 Marssonella oxycona (Reuss) Cushman; Cushman, pp. 43, 44, pl. 12, figs 3-5. 
 
Diagnosis: Test conical, either gradually tapering or flaring, with an early portion in a 
whorl of 4-5 tiny chambers. The test then becomes biserial, round in cross-section. The 
chambers are distinct, and the sutures very slightly depressed. The terminal face is slightly 
concave. The wall is finely agglutinated. 
 
Remarks: Marsonella oxycona is almost a perfect conical shape with a distinctive, 
flattened, slightly concave upper surface. There is some difficulty in separating this species 
from M. turris d’Orbigny (1840, p. 46) and M. trochus d’Orbigny (1840, p. 45), both of 
which were described from the ‘Senonian’ Chalk of the Paris Basin. M. oxycona was 
described from older strata, although many authors regard the names as almost inter-
changeable: thereby generating a huge reference list. While many authors use M. oxycona, 
date (and page) priority should mean that M. trochus should be regarded as the correct 
name. There is a complete range of variability from those that expand uniformly with 
growth to those that become parallel-sided or even markedly flaring. The apical angle 
expands in sediments associated with Oceanic Anoxic Event 2 in the latest Cenomanian, 
indicating that the appearance may be controlled by the environment. 
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Genus DOROTHIA Plummer, 1931 
 
Type Species; Gaudryina bulletta Carsey, 1926 
 
The genus Dorothia has an agglutinated, fine-grained wall structure. The test is elongate 
with the initial portion comprising of several chambers which is followed by a biserial 
growth stage. The biserial stage rapidly increases in size and often gives the test a 
characteristic “V” shape that somewhat resembles Heterohelix spp. In some species the test 
becomes almost parallel-sided. 
 
Dorothia conula (Reuss) Cushman, 1937 
 
1845 Textularia conulus Reuss, p. 38, pl. 8, fig. 59. 
1937 Dorothia conula (Reuss); Cushman, p. 76, pl. 8, figs 11-17. 
1937 Dorothia conula (Reuss); Cushman, pp. 44, 45, pl. 12, figs 12-14. 
 
Diagnosis: Test is short, stout and tapering, rounded or slightly compressed in cross-
section. Initial coil followed by a short triserial growth section, although most of the test is 
biserial. Chambers are distinct and slightly compressed, becoming increasingly larger and 
more rounded. Later chambers do not increase in width and test becomes parallel-sided in 
final portion. Sutures are distinct and slightly depressed. Wall structure is finely 
agglutinated with a smooth finish. The aperture is often visible at inner margin of final 
chamber. 
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Remarks: Dorothia conula is smaller than other Dorothia species and the test forms a “U” 
shape rather than a “V” shape.  
 
Dorothia stephensoni Cushman, 1936 
 
1936 Dorothia stephensoni Cushman, p. 28, pl. 4, fig. 15. 
1946 Dorothia stephensoni Cushman; Cushman, p. 45, pl. 12, figs 16, 17. 
 
Diagnosis: The test is distinctly tapering, forming a prominent “V” shape. Initial chambers 
indistinct but later portion biserial with chambers distinct and rounded but somewhat 
depressed. The latest chambers are rather lobate. Sutures are slightly depressed. Aperture is 
a low opening on the inner margin of final chamber. Wall finely agglutinated but with the 
occasional inclusion of some larger grains. 
 
Remarks: The distinguishing feature of this species is the tapering “V” shape of the test 
and the lobate final chambers.  
 
Dorothia pontoni Cushman, 1933 
 
1933 Dorothia pontoni Cushman, p. 55, pl. 6, fig. 8a-c. 
1946 Dorothia pontoni Cushman; Cushman, p. 46, pl. 12, fig. 20. 
 
Diagnosis: Test is small and elongate. The initial chambers are indistinct and tapering to a 
point. The chambers in the later stages are distinct, biserial and rapidly enlarge as added. 
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The latest chambers are bulbous, rounded and distinct. The wall is finely agglutinated and 
smooth. 
 
Remarks: The large, bulbous and rounded final chambers are the distinguishing feature of 
this species. 
 
Dorothia bulletta (Carsey) Plummer, 1931 
 
1926 Gaudryina bulletta Carsey, p. 28, pl. 4, fig. 4. 
1931 Dorothia bulletta (Carsey); Plummer, p. 132, pl. 8, figs 13-17. 
1944 Dorothia bulletta (Carsey); Cushman and Deaderick, p. 330, pl. 50, fig. 22. 
1946 Dorothia bulletta (Carsey); Cushman, p. 46, pl. 12, fig. 21-26. 
 
Diagnosis: The test is elongate and generally cylindrical in appearance. Initial portion of 
test tapers to a rounded point. The later growth stages are nearly parallel-sided but with 
distinct chambers. The sutures are generally distinct and slightly depressed. The wall is 
finely agglutinated, although often obscured by a large amount of cement, giving a smooth 
finish. The aperture (often with a slight lip) is a low, broad opening at margin of last-
formed chamber.  
 
Remarks: Dorothia bulletta has a distinctive “bullet” shape and this is the distinguishing 
feature. 
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Dorothia retusa (Cushman), Cushman, 1937 
 
1926 Gaudryina retusa Cushman, p. 588, pl. 16, fig. 10a, b. 
1928 Gaudryina retusa Cushman; Cushman and Jarvis, p. 92, pl. 13, figs 3-4. 
1937 Dorothia retusa (Cushman); Cushman, p. 85, pl. 8, figs 33-36. 
1946 Dorothia retusa (Cushman); Cushman, p. 46, pl. 13, figs 1-4. 
 
Diagnosis: The stout test may be large and almost as wide as it is long. The test is almost 
circular in cross-section. The distinct chambers are triserial and then biserial in later growth 
stages. The chambers appear to overlap slightly and are slightly more bulbous in later 
stages. The wall is finely agglutinated and with a smooth finish. 
 
Remarks: The stout, wide test is similar in appearance to the early portion of Dorothia 
conula, although the later chambers do not become lobate, compressed and bulbous. 
 
Dorothia glabrata Cushman, 1933 
 
1933 Dorothia glabrata Cushman, p. 56, pl. 6, fig. 10a-c. 
1946 Dorothia glabrata Cushman; Cushman, pp. 46, 47, pl. 13, fig. 5. 
 
Diagnosis: The test is often very elongate and of uniform shape, tapering to adistinct point 
in the earliest portion. The test appears distinctly biserial in later growth stages. The 
chambers are very distinct and increase gradually in size throughout growth. The later 
chambers are slightly compressed and the final few chambers become slightly lobate. The 
wall is finely agglutinated, becoming more calcareous towards the apertural end. 
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Remarks: This species is similar to Dorothia stephensoni, although that species is 
normally a distinct “V” shape while D. glabrata is much more elongate, pinched “V” with 
the final chambers not being as bulbous and rounded.  
 
Genus PLECTINA Marsson, 1878 
 
Type Species; Gaudryina ruthenica Reuss, 1851 
Species of Plectina are very similar to the genus Dorothia and somewhat similar to those of 
Gaudryina. The distinguishing feature for Plectina is that the early portions are distinctly 
triserial and, unlike Dorothia for example, remains triserial into more mature portions 
before becoming biserial with chambers that are slightly rounded and lobate. The chambers 
in the biserial growth stage form a parallel-sided test. The test wall is often finely 
agglutinated, although in more sandy sediments the wall structure may be more variable in 
grain size. 
 
Plectina watersi Cushman, 1933 
 
1933 Plectina watersi Cushman, p. 57, pl. 7, fig. 1a-d. 
1946 Plectina watersi Cushman; Cushman, p. 47, pl. 13, figs 6-12. 
 
Diagnosis: The elongate test is triserial in the early growth stages and appears very pointed. 
The test expands rapidly with distinct chambers in the biserial portion. The chambers in the 
biserial portion auniform in size and parallel-sided, creating a very elongate test. The wall 
is finely agglutinated with a smooth finish. 
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Remarks: The distinctly triserial initial portion develops into parallel-sided, uniform 
chambers in the biserial portion. This causes the later portion of the test to become very 
elongate. 
 
Genus GOËSELLA Cushman, 1933 
 
Type Species; Clavulina rotundata Cushman, 1913 
 
Species of Goësella are very similar to those of Plectina and Dorothia, although the final 
chamber arrangement is that of a series of overlapping, uniserial, rounded chambers. 
Goësella species are also more coarsely agglutinated than those of Dorothia and Plectina, 
although this may vary with depositional environment.  
 
Goësella rugulosa Cushman, 1933 
 
1933 Goësella rugulosa Cushman, p. 55, pl. 6, fig. 7a-d. 
1946 Goësella rugulosa Cushman; Cushman, p. 47, pl. 13, fig. 13. 
 
Diagnosis: The test is elongate and clearly triserial in the initial portion, tapering to a 
distinct point. The test becomes biserial, and then uniserial in the final portion. The 
chambers become uniform and parallel-sided in the short biserial stage and the later 
uniserial phase. The chambers overlap slightly in the uniserial portion. The wall structure is 
coarsely agglutinated in the later growth stages although may be finer in the earlier portion 
of the test. The aperture is usually terminal, rounded and without any neck. 
  Chapter 5 - Taxonomy 
122 
 
 
Remarks: The uniserial growth stage distinguishes this species from other, potentially 
similar, species of Dorothia and Plectina.  
 
 
Family TROCHAMMINIDAE 
Genus TROCHAMMINA Parker and Jones, 1859 
 
Type Species; Nautilus inflatus Montagu, 1808 
 
The trochospiral test is characterised by chambers increasing gradually in size. Species of 
Trochammina have an agglutinated wall structure, often with a smooth finish. The 
chambers are rather distinct and they do not uncoil in the later growth stages, both features 
that help distinguish Trochammina from Ammobaculites. Juvenile specimens of 
Ammobaculites, that have not developed the uniserial growth stage, may be confused with 
species of Trochammina. There is often a slight depression in the centre of some 
individuals and some specimens may become keeled.  The generally plano-convex test is 
characteristic feature of Trochammina, although – in some environments – specimens may 
become compressed. 
 
Trochammina diagonis (Carsey) Cushman and Waters, 1927 
Plate 2, Fig. 13. 
 
1926 Haplophragmoides diagonis Carsey, p. 22, pl. 3, fig. 1. 
1927Trochammina diagonis (Carsey) Cushman and Waters, p. 84, pl. 10, fig. 7a, c. 
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1931Trochammina diagonis (Carsey); Plummer, p. 140. 
1944Trochammina diagonis (Carsey); Cushman and Deaderick, p. 55, pl. 10, figs 8, 9. 
1946Trochammina diagonis (Carsey); Cushman, pp. 49, 50, pl. 15, figs 1-3. 
 
Diagnosis: The slightly trochoid test contains distinctly lobate chambers. The wall 
structure is finely agglutinated but may include occasional larger grains. The chambers 
become more uniform and lobate with growth. There is no keel recorded. Specimens are 
often white or light grey in colour. 
 
Remarks: Trochammina diagonis is not so distinctly trochoid and keeled like many other 
species of Trochammina. As a result, this species may be confused with species of 
Haplophragmoides, although the chambers are usually more distinct and lobate than would 
be the case in Haplophragmoides. 
 
Trochammina texana Cushman and Waters, 1927 
Plate 2, Fig. 14. 
 
1927 Trochammina texana Cushman and Waters, p. 85, pl. 11, fig. 8a-c. 
1946 Trochammina texana Cushman and Waters; Cushman, p. 50, pl. 15, figs 4, 5.  
 
Diagnosis: The test is trochoid, planoconvex and may be quite small. The dorsal side is 
flattened and the ventral side is not strongly convex. The distinct chambers become 
increasingly larger and more distinct with growth, with 4–6 visible on the ventral side. The 
sutures are slightly depressed, especially in the later portion. There is a keel on the edges of 
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the chambers. The wall structure is very finely agglutinated, smoothly finished and is 
normally light grey in colour. 
 
Remarks: This species is quite compressed but remains obviously plano-convex. There is a 
distinct keel around the chamber margins and this is one of the distinguishing feature of 
Trochammina texana. The wall, particularly on the dorsal side, is quite thin and easily 
collapsed. 
 
Trochammina gyroides Cushman and Waters, 1927 
 
1927 Trochammina gyroides Cushman and Waters, p. 84, pl. 10, fig. 8a, b. 
1946 Trochammina gyroides Cushman and Waters; Cushman, p. 50, pl. 15, fig. 6. 
 
Diagnosis: The test is trochoid and usually very large.  The ventral side is strongly convex 
and the dorsal side flattened or occasionally slightly concave. The chambers are distinct 
with 6 in the final whorl, and the sutures slightly depressed. The chambers are more visible 
on the ventral side, and slightly bulbous. The wall structure is finely agglutinated and 
normally white to light grey in colour. 
 
Remarks: The strongly convex ventral side and flattened dorsal side make this species 
quite distinctive. It can also be quite large in overall size. 
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Trochammina ribstonensis Wickenden, 1932 
 
1932 Trochammina ribstonensis Wickenden, p. 90, pl. 1, fig. 12a-c. 
1946 Trochammina ribstonensis Wickenden; Cushman, p. 50, pl. 15, fig. 9. 
 
Diagnosis: The trochoid test is small, slightly convex, with an open umbilical area on the 
ventral side. The chambers on the dorsal side are tightly coiled, small and globular. The 
chambers on ventral side are larger and also globular. Sutures curve away from centre of 
the test, and are distinct in the later portion. The wall is finely agglutinated and rather 
smoothly finished. 
 
Remarks: This is a small, rare species, distinguished by the multiple chambers visible on 
both the ventral and dorsal sides of the test.  
 
Trochammina taylorana Cushman, 1937 
Plate 2, Fig. 15 – 20. 
 
1937 Trochammina taylorana Cushman, p. 101, pl. 15, fig. 4. 
1946 Trochammina taylorana Cushman; Cushman, p. 51, pl. 15, fig. 13. 
 
Diagnosis: Test small, compressed and only appearing slightly trochoid in some specimens 
but this may not be seen in all. The periphery is lobate, with the 5–6 chambers in the final 
whorl becoming increasingly lobate and more distinctive with maturity. The final chamber 
is particularly lobate in appearance. The radial sutures are generally indistinct although 
becoming distinct in the latest portion. There is a slight keeled along the periphery. The test 
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is often compressed. The wall structure is very finely agglutinated, with grains of a similar 
dimension although there may be occasional larger particles. 
 
Remarks: This species may be confused with species of Haplophragmoides but it is 
normally distinctly compressed, finely agglutinated and with distinctive lobate chambers.  
 
 
Family MILIOLIDAE 
Genus QUINQUELOCULINA d’Orbigny, 1826 
 
Type Species; Serpula seminulum Linné, 1758 
 
Species of Quinqueloculina are ovate in outline, with a porcelaneous, calcareous wall 
structure. The chambers are successively overlapping, with the characteristic 
quinqueloculine coiling of the genus. The aperture is not always flush with surface of final 
chamber, often being slightly raised on a small, rounded neck. Occasionally, a tooth may be 
seen in aperture opening when preservation is good and no sediment is infilling the test. 
 
Quinqueloculina moremani Cushman, 1937 
 
1937 Quinqueloculina moremani Cushman, p. 100, pl. 15, fig. 1. 
1946 Quinqueloculina moremani Cushman; Cushman p. 48, pl. 14, fig. 7. 
 
Diagnosis: The test is elongate, oval-shaped and almost triangular in cross-section. The 
wall is calcareous, smoothand often appearing bright white in colour. The sutures are 
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distinct sutures and chambers easily visible. Ridges on entirety of outer chamber wall give 
a ‘keeled’ appearance to the exterior wall. The small, rounded, tubular neck protrudes from 
the top of the final chamber with the aperture located inside a recess.  
 
Remarks: The ridges on the exterior chambers are a distinguishing feature of this species 
as many species of Quinqueloculina have smooth walls throughout.  
 
 
Family LAGENIDAE 
Genus ROBULUS de Montfort, 1808 
 
Type species; Robulus cultratus de Montfort, 1808 
 
Species of Robulus are very similar to those of Lenticulina especially in juvenile forms. 
The distinguishing feature of Robulus is that the aperture is slightly raised and protruding, 
occasionally on small nib, and jutting out from the tip of the final chamber. In Lenticulina 
species, the aperture is in the same position, but is flush to the chamber wall and does not 
extend. Species of Robulus are highly variable, with the ribbing, keel, chamber arrangement 
and orientation being the variable factors. Species of Robulus are also variable between the 
juvenile and mature specimens. Species of Robulus are rounded, closely coiled, often with a 
distinct central boss, ribbing pattern and an extended aperture. 
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Robulus navarroensis (Plummer) Jennings, 1936 
Plate 15, Figs 1 – 19; Plate 52, Fig. 8. 
 
1927 Cristellaria navarroensis Plummer, p. 39, fig. 4a, b. 
1931 Lenticulina navarroensis (Plummer); Plummer, p. 141. 
1936 Robulus navarroensis (Plummer); Jennings, p. 15, pl. 1, fig. 14a, b. 
1946 Robulus navarroensis (Plummer); Cushman, pp. 51, 52, pl. 16, figs 6-8. 
 
Diagnosis: Test large, closely coiled, rounded, discoidal but not thick. The limbate sutures 
are distinct, raised, gently curved towards the central boss which may, or may not, be large. 
The sutures become thicker and appear to fuse at the central boss. There is, occasionally, a 
broad, thin, translucent keel which encircles the periphery, or it may be a raised, thickened 
area of the chamber wall. There are 10-12 chambers in the final whorl. Specimens are often 
brown in colour.  
 
Remarks: The distinctive sutures are the characteristic feature of this species. Juvenile 
specimens are difficult to distinguish as they do not possess the distinctive suture pattern 
and keel arrangement. They can usually be distinguished by the small aperture that is only 
slightly protruding, compared to other Robulus species where the aperture is more 
prominent.   
 
Robulus pondi Cushman, 1931 
Plate 16, Figs 1 – 11; Plate 53, Fig. 1. 
 
1931 Robulus pondi Cushman, p. 25, pl. 2, fig. 9a, b. 
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1944 Robulus pondi Cushman; Cushman and Deaderick, p. 331, pl. 50, fig. 24. 
1946 Robulus pondi Cushman; Cushman, p. 52, pl. 16, figs 1-5. 
 
Diagnosis: Test planispiral, closely coiled, with 10-12 chambers in the final whorl. The 
sutures are slightly raised, but often difficult to see, especially in the early portion though 
more distinct in the later growth stages. The wall is smooth, with specimens often 
appearing white in colour. The periphery has distinct angles between chambers, 
occasionally slightly concave, very distinctive and may form a thickened, straightened, 
distinct ridge around the keel. The aperture is radiate often with an additional circular 
opening. 
 
Remarks: This species is often smaller than other species of Robulus. There is a distinctive 
angular pattern around the periphery between the chambers and this feature is visible in 
both juvenile and mature specimens and can be a distinguishing feature.   
 
Robulus spisso-costatus Cushman, 1938 
Plate 17, Figs 1 – 20. 
 
1938 Robulus spisso-costatus Cushman, p. 32, pl. 5, fig. 2. 
1938 Robulus spisso-costatus Cushman; Cushman, pp. 52, 53, pl. 16, figs 11-14.  
 
Diagnosis: The test is compressed and closely coiled except in the final growth stages. The 
test is discoidal with a sub-acute periphery with a rounded keel or a thin skirt. The sutures 
are very distinct, thick, raised, and curved towards the umbo. The sutures fuse together 
(sometimes rather haphazardly) and completely cover the umbo.   
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Remarks: The sutures are very distinctive. This species is similar to Robulus navarroensis 
although, in this species, the sutures do not meet neatly at the central boss, but fuse together 
rather haphazardly.  
 
Robulus taylorensis (Plummer, 1931)  
Plate 18, Figs 4 – 7. 
 
1931 Astacolus taylorensis Plummer, p. 143, pl. 11, fig. 16, pl. 15, figs 8-11.  
1941 Robulus taylorensis (Plummer); Cushman, p. 57, pl. 15, fig. 5a, b. 
1944 Robulus taylorensis (Plummer); Cushman and Deaderick, p. 56, pl. 10, figs 14, 15. 
1946 Robulus taylorensis (Plummer); Cushman, p. 53, pl. 18, fig. 20. 
 
Diagnosis: The test is closely coiled and slightly bulbous. The periphery is sub-acute but 
with only a slight keel on larger specimens. In megalospheric forms a few of the final 
chambers begin to uncoil with a distinct aperture protruding at the tip of final chamber. The 
wall is smooth and usually white or pale-coloured. The earlier chambers are still visible in 
centre of specimen around the umbo as the newer chambers do not entirely overlap the 
previous ones. This makes the test more involute than other species of Robulus. 
 
Remarks: The uncoiling of the later chambers, and the lack of overlap onto the older 
chambers around the umbo are the characteristic features of this species. It is quite a unique 
species within the genus Robulus, and may be better regarded as a species of Marginulina.  
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Robulus muensteri (Roemer, 1839)  
Plate 18, Figs 1 -3; Plate 52, Fig. 5; Plate 53, Figs 2 – 3. 
 
1839 Robulus münsteri Roemer, p. 48, pl. 22, fig. 29. 
1863 Cristellaria münsteri (Roemer); Reuss, p. 77, pl. 9, figs 3, 4. 
1932 Robulus münsteri (Roemer); Cushman, p. 334, pl. 50, fig. 2a, b. 
1944 Robulus münsteri (Roemer); Cushman and Deaderick, p. 56, pl. 10, figs 10-13.  
1946 Robulus münsteri (Roemer); Cushman, p. 53, pl. 17, figs 3-9.  
 
Diagnosis: The test is large, involute but may become slightly uncoiled in the later growth 
stages. The chambers are distinct with distinct sutures that are slightly limbate, tangential 
and slightly curved. Sutures often thicken towards the central boss. The central boss is very 
large, rounded, and can sometimes occupy almost half of the test. Specimens are often 
keeled. The aperture protrudes slightly from tip of final chamber at the outer peripheral 
angle. 
 
Remarks: Robulus muensteri has a very large, rounded central boss and this is its 
distinguishing feature. There is, however, considerable variation within this species and 
morphometrics might be used to identify a number of variants. 
 
Robulus pseudo-secans Cushman, 1938 
Plate 18, Fig. 8. 
 
1938  Robulus pseudo-secans Cushman, p. 32, pl. 5, fig. 3. 
1946  Robulus pseudo-secans Cushman; Cushman, pp. 53, 54, pl. 17, figs 11-13. 
 
  Chapter 5 - Taxonomy 
132 
 
Diagnosis: The test is rounded, coiled, and strongly umbonate. The sutures are thick, 
raised, uniform, and gently curved. Sutures connect to the rounded central boss. The 
periphery is acute, with a thickened edge, and is strongly keeled. The aperture is distinct, 
protruding slightly, from tip of final chamber. The final chamber may be slightly inflated in 
comparison to the earlier chambers.  
 
Remarks: This species is similar to both Robulus muensteri and R. navarroensis, but the 
central boss is significantly smaller and the ribbing more uniform (especially in the case of 
R. pseudo-secans). 
 
Robulus isidis (Schwager) Loetterle, 1937 
 
1883 Cristellaria isidis Schwager, p. 110, pl. 26, fig. 12a, b. 
1937 Robulus isidis (Schwager); Loetterle, p. 21, pl. 1, fig. 5a, b. 
1946 Robulus isidis (Schwager); Cushman. p. 54, pl. 17, fig. 10. 
 
Diagnosis: The test is discoidal, small, with chambers that are slightly inflated. The sutures 
are indistinct and the aperture rather prominent on the extremity of the final chamber. 
 
Remarks: This species is very rare and may be confused with other juveniles of Robulus. 
Though illustrated by Cushman (1946), he admitted to not having seen the initial material. 
Schwager (1883) described this species from the Eocene of N. Africa, but many of the 
characters (e.g., keel, terminal aperture, etc.) suggest that this species may be related to 
those seen in the Gulf Coast. 
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Robulus macrodiscus (Reuss, 1863)  
 
1863 Cristellaria macrodisca Reuss, p. 78, pl. 9, fig. 5a, b. 
1932 Robulus macrodiscus (Reuss); Cushman and Jarvis, p. 23, pl. 7, fig. 3a, b. 
1946 Robulus macrodiscus (Reuss); Cushman, p. 54, pl. 17, fig. 14. 
 
Diagnosis: The test is rounded, with a prominent umbo and well-developed keeled on the 
periphery. The chambers are indistinct with indistinct curved sutures. There is a large 
prominent central boss. 
 
Remarks: This is a rare species and may be confused with R.  muensteri or R. pseudo-
secans. Cushman (1946) indicates that the assignment to Reuss’ species is tenuous, not 
aided by the poor initial figures. 
 
Robulus midwayensis (Plummer, 1926) 
Plate 13, Figs 1 – 15. 
 
1926 Cristellaria midwayensis Plummer, p. 95, pl. 13, fig.5a – c. 
1933 Lenticulina midwayensis (Plummer); Plummer, pp. 54, 61, 64. 
1940 Robulus midwayensis (Plummer); Cushman, p. 54, pl. 9, fig. 12. 
1954 Robulus midwayensis (Plummer); Cushman, p. 13, pl. 3, figs 14-17. 
 
Diagnosis : The test is large, rounded, closely coiled and somewhat compressed. The 
chambers are numerous, narrow and uniform in shape, increasing gradually with maturity 
and wish a smooth appearance. The sutures radiate from a thickened central boss. Sutures 
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are gently curved, tapering from the central boss to the periphery to create a distinctive 
triangular suture.  
 
Remarks: This species is very similar to some Robulus and even some species of 
Lenticulina. It is distinguished from these other species by the smooth finish to the wall and 
the distinctive sutures. 
 
Robulus oligostegius (Reuss, 1860)  
 
1860 Cristellaria oligostegia Reuss, p. 213, pl. 8, fig. 8. 
1932 Robulus oligostegius (Reuss); Cushman and Jarvis, p. 22, pl. 6, figs 8, 9. 
1946 Robulus oligostegius (Reuss); Cushman, p. 54, pl. 17, figs 16, 17.  
 
Diagnosis: The test is bulbous and large with the initial chambers obscured by large, 
overlapping, final chambers. The test appears to uncoil in the later growth stages. The 
sutures, especially in the later part of the test, are distinct and depressed. The final chamber 
is the most bulbous and wider than it is thick. The aperture is raised on the tip of the final 
chamber. 
 
Remarks: This species is very rare, but the bulbous nature of the test and the appearance of 
the chambers make it distinctive. Cushman (1946) that the assignment to Reuss’ species is 
tenuous. 
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Robulus stephensoni Cushman, 1939 
Plate 14, Figs 1 – 18. 
 
1939 Robulus stephensoni Cushman, p. 90, pl. 16, figs 2, 3. 
1944 Robulus stephensoni Cushman; Cushman and Deaderick, p. 331, pl. 50, fig. 26. 
1946 Robulus stephensoni Cushman; Cushman, p. 55, pl. 18, figs 12, 13. 
 
Diagnosis: The test is closely coiled, small, and umbonate. The acute periphery has a slight 
keel. The sutures are gently curved towards a small central boss. The sutures thicken 
towards the central boss forming a star shape.boss. The sutures are flush with the chamber 
wall, not raised. Aperture at peripheral angle, radiate, with distinct ventral slit. 
 
Remarks: The very circular outline, star-shaped central boss and keeled periphery – along 
with the small test size – are distinctive for this species. It may sometimes be confused with 
species of Lenticulina, particularly L. rotulata. 
 
Robulus williamsoni (Reuss, 1862) 
 
1862 Robulus williamsoni Reuss, p. 327, pl. 6, fig. 4a, b. 
1929 Lenticulina williamsoni (Reuss); Cushman and Church, p. 503, pl. 36, figs 13, 14. 
1931 Robulus williamsoni (Reuss); Cushman, p. 37, pl. 5, fig. 2a, b. 
1946 Robulus williamsoni (Reuss); Cushman, p. 54, pl. 18, figs 2, 3. 
 
Diagnosis: The test is small, coiled, slightly involute and strongly keeled on the periphery. 
The chambers are distinct and sutures slightly depressed, giving the impression of slightly 
inflated chambers. There are relatively few chambers in the final whorl. 
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Remarks: This is not a common species, but can usually be identified by the distinctive 
chamber arrangement and keeled periphery. Cushman (1946) indicated that there was some 
confusion over the original figures of Reuss as to whether it was described in 1861 or 1862. 
 
Genus LENTICULINA Lamarck, 1804 
 
Type Species; Lenticulina rotulatus Lamarck, 1804  
 
The main difference between the genera Lenticulina and Robulus is the nature and location 
of the aperture. In species of Robulus, the aperture is protruding in varying degrees and 
often extended on a small nib. In species of Lenticulina, the aperture is flushand at the top 
of the final chamber. Species of Lenticulina are often keeled, with a thin, translucent skirt 
around the periphery. 
 
Lenticulina rotulata Lamarck 
Plate 12, Figs 6 – 9; Plate 53, Figs 4, 9 – 10. 
 
1804 Lenticulina rotulata Lamarck, p. 188. 
1884 Cristellaria rotulata (Lamark); Brady, p. 547, pl. 69, fig. 13a, b. 
1896 Cristellaria rotulata (Lamarck); Chapman, pp. 5-6, pl. 1, fig. 8a, b. 
1913 Cristellaria rotulata (Lamarck); Cushman, p. 66, pl. 33, fig. 3a, b. 
1931 Lenticulina rotulata (Lamarck); Plummer, p. 142, pl. 11, fig. 20. 
1941 Lenticulina rotulata (Lamarck); Cushman, p. 67, pl. 16, fig. 13. 
1946 Lenticulina rotulata (Lamarck); Cushman, pp. 56, 57, pl. 18, fig. 19, pl. 19, figs 1-7. 
1954 Lenticulina rotulata (Lamarck); Frizzell, p. 82, pl. 7, fig. 15a, b. 
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1962 Lenticulina rotulata (Lamarck); Jefferies, pl. 79, fig. 23. 
 
Diagnosis: This species of Lenticulina is discoidal, closely coiled, with a thin, translucent 
keel often skirting around the periphery. The chambers are distinct with curving sutures 
exposed internally, but the external wall surface is often smooth and sutures may 
occasionally be slightly raised. The central boss is star- shaped, where the sutures thicken 
towards the umbo. The aperture is flush at the tip of the final chamber and may form a slit 
like opening. Juvenile individuals may, or may not, be keeled. 
 
Remarks: This species is the most common species of Lenticulina in almost all samples 
studied, especially in the larger size fractions. Specimens are distinctively keeled and also 
have a flush aperture, which the keeled Robulus species do not possess. Unfortunately, this 
species – which can be highly variable in appearance – has been identified throughout the 
Cretaceous. Any stratigraphic value that it may have had has, therefore, been lost. 
 
The following species were not found within any previous taxonomic references. The 
species are given the working name of ‘Lenticulina’, by virtue of their chamber 
arrangement and aperture appearance. These species are flattened, unlike other Lenticulina 
species, often with distinct keel and/or periphery. 
 
‘Lenticulina’ sp. “A” (undescribed) 
Plate 52, Figs 1 – 2, 13 – 14. 
 
Diagnosis: Test discoidal, flattened, planispiral. Test large, up to 2 mm. Periphery keeled 
with thin keel that skirts the periphery, not always prominent. Test highly ornamented, 
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raised, thickened ribs along chamber sutures. Thicken towards raised central boss that 
irregularly arranged with thickened nodes. Chambers become increasingly elongated with 
maturity, similar in that respect to Planulina spp. Chambers become increasingly uncoiled 
and straightened with maturity. Aperture small, exposed on tip of final chamber, protruding 
slightly, some decoration to it. 
 
Remarks:  Similar in flattened, discoidal appearance to Planulina, but chambers do not 
uncoil as much as Planulina. Aperture in this species is small and protruding, with the 
distinguishing feature being the test ornamentation of thickened ribs and decorated central 
boss. Species with a thickened keel around the periphery and less thickened ribs around the 
chamber sutures are designated ‘Lenticulina’ sp. cf. “A”. 
 
‘Lenticulina’ sp. “B” (undescribed) 
Plate 52, Figs 3, 7, 9, 10. 
 
Diagnosis: Test discoidal, flattened, planispiral. Test large, up to 2 mm. Periphery keeled 
with thickened, slightly raised keel that skirts the periphery. Thickened ribs along chamber 
sutures, gently curved. Thicken slightly towards raised central boss. May be depressed in 
initial portion. Some nodes may be exposed on thickened central boss. Chambers become 
slightly wider and slightly more elongate with maturity. Chambers may become more 
curved with maturity. Periphery often smooth in early portion, becoming slightly bulbous 
in later stages. Aperture small, exposed on final chamber as slit. Does not protrude out, 
flush to final chamber. 
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Remarks: Periphery well rounded with thickened keel unlike ‘Lenticulina’ sp. “A”, which 
has a more irregular periphery. Aperture flush and exposed as a slit on the final chamber 
and not protruding. The central boss is thickened and similar to ‘Lenticulina’ sp. “A”, but 
not as ornate. Thickened ribs along chambers suture are also a distinguishing feature. 
Individuals with an ornate central boss are designated ‘Lenticulina’ sp. cf. “B”. 
 
‘Lenticulina’ sp. “C” (undescribed) 
Plate 52, Fig. 4.  
 
Diagnosis: Test large, rounded, slightly discoidal but thickened in the centre, ovate in cross 
section.  Thickened ribbing along sutures, irregular. Often thicker at central boss. Central 
boss large, thickened, smooth. Chambers increase very gradually with maturity.  
 
Remarks: Similar to Lenticulina rotulata, but test more ornamented. Periphery irregular 
and rough unlike Lenticulina rotulata. Not as discoidal and flattened as the other 
“Lenticulina sp.” described species.  
 
‘Lenticulina’ sp. “D” (undescribed) 
Plate 52, Fig. 10. 
Diagnosis: Test large, rounded, discoidal and flattened. Periphery smooth and rounded in 
intital portion, becoming globular, perhaps slightly bulbous in later portion. Kell keeled 
with thickened keel along periphery in later portion. Sutures depressed slightly, becoming 
increasingly so with maturity. Chambers increase gradually with maturity. Sutures curved, 
becoming more curved with maturity. Curve towards central boss, which is large and 
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slightly raised but not thickened or ornate. Aperture on slit of final chamber. Final chamber 
overlaps distinctly onto initial portion. 
 
Remarks:  Similar to ‘Lenticulina’ sp. “B”, but sutures depressed and more curved in 
‘Lenticulina’ sp. “D”. This species also has a thickened keel along the periphery and the 
central boss, although distinct, is not thickened or ornate as with other species. Individuals 
with more elongated chambers and more defined central boss are designated ‘Lenticulina’ 
sp. cf. “D”. 
 
Genus PLANULARIA Defrance, 1826 
 
Type Species; Peneroplis auris Defrance, in de Blainville, 1824 
 
Species of Planularia have large tests, which are broadly ovate and strongly compressed. In 
the juvenile forms, species of Planularia are closely coiled like species of Lenticulina, but 
in the adult portion, species of Planularia become greatly compressed and the chambers 
increase somewhat more in height than breadth causing an elongation of the later chambers. 
Some species may uncoil in the latest growth stages and there may be some chamber 
ornamentation around the conspicuous central boss.  
 
Planularia advena Cushman and Jarvis, 1932 
Plate 20, Figs 1 – 7. 
 
1932 Planularia advena Cushman and Jarvis, p. 24, pl. 8, figs 1, 2. 
1946 Planularia advena Cushman and Jarvis; Cushman, p. 57, pl. 19, figs 9, 10. 
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Diagnosis: The test is very large, coiled and very strongly compressed. Specimens often 
appear brown or dark brown. The test is slightly keeled, with a distinct, ridged periphery. 
The sutures are distinct, limbate, raised, and straight. The chambers are thin and increase 
greatly in breadth with maturity, final chambers often being 80% of whole specimen. The 
aperture is often visible on the tip of the final chamber. There is occasionally some 
architecture to the central boss with some small, raised ridges. 
 
Remarks: Planularia advena is a very large species and is one of the largest species 
recorded in this study. This is the most distinctive feature of the species, combined with its 
much compressed test. 
 
Planularia dissona (Plummer, 1931) 
Plate 18, Figs 9 – 11; Plate 19, Figs 1 – 30; Plate 53, Fig. 5. 
 
1931 Astacolus dissousa Plummer, p. 145, pl. 11, figs 17, 18, pl. 15, figs 2-7. 
1941 Planularia dissona (Plummer); Cushman, p. 68, pl. 16, figs 15-19. 
1946 Planularia dissona (Plummer); Cushman, p. 57, pl. 19, figs 11-18. 
 
Diagnosis: The test is compressed, coiled in the early portion but often begins to uncoil in 
growth stages. Some specimens uncoil rapidly and become distinctively uniserial, while 
others either only begin to uncoil or not at all. There may be a faint keel in some specimens. 
The chambers are distinct, often becoming triangular in shape and more elongate with 
maturity. The sutures are also distinct and are slightly raised. The aperture protrudes 
slightly from the tip of final chamber. 
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Remarks: This is a highly variable species. This species’ ability to uncoil, or at least begin 
to uncoil, is a distinguishing feature which does not exist in species of Lenticulina or 
Robulus, and is more reminiscent of species of Marginulina. This species is extremely 
variable, however, and this can often be a problem for identification between this species 
and species of Lenticulina or Robulus. 
 
 
Genus MARGINULINA d’Orbigny, 1826 
 
Type Species; Marginulina raphanus d’Orbigny, 1826 
 
Species of Marginulina are closely coiled in the initial portion with well-defined chambers. 
Later chamber are rectilinear as the test uncoils in the adult portion into a uniserial chamber 
arrangement. The test is ovate to circular in cross-section. The chambers increase in size 
gradually with maturity. The aperture is radiate and located on the apex of the tapering final 
chamber. Species of Marginulina are differentiated from one another by the degree that 
they are coiled in the initial portion, the degree to which they uncoil and the chamber 
architecture. Often, the initial coiled portion may only consist of a few chambers (e.g., 
Marginulina texasensis) and in this case the species may resemble Dentalina spp. In other 
species, however, the coiled portion may be a significant portion of the overall test (e.g., 
Marginulina austinana). 
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Marginulina austinana Cushman, 1937 
Plate 21, Figs 1 – 3; Plate 48, Fig. 7; Plate 50, Figs 7, 12. 
 
1937 Marginulina austinana Cushman, p. 92, pl. 13, figs 1-4. 
1946 Marginulina austinana Cushman; Cushman, p. 59, pl. 20, figs 5-10. 
 
Diagnosis: The test is elongate with the early portion closely coiled and rounded. The 
chambers uncoil into a linear, uniserial arrangement in the later growth stages, but the test 
continues to be slightly curved. The chambers in the coiled portion are indistinct, sutures 
slightly visible. The chambers are ovate in cross-section in the later growth stages. The 
sutures may thicken slightly in the central portion to create elliptical, raised ridges. The 
aperture protrudes from adistinct nib on top of the final chamber. The aperture is offset to 
the opposite side the test from the direction of coiling. The protrusion on which the aperture 
sits is often large and distinct, tapering. 
 
Remarks: This species may resemble species of Lenticulina or Robulus in the initial 
portion, before uncoiling. The distinctive feature of this species is that the test continues to 
curve gently while other Marginulina species often uncoil into linear, straight arrangement. 
 
Marginulina austinana Cushman var. directa Cushman, 1937 
 
1937 Marginulina austinana Cushman var. directa Cushman, p. 93, pl. 13, figs 5-8. 
1946 Marginulina austinana Cushman var. directa Cushman; Cushman. p. 59, pl. 20, fis 11-16. 
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Diagnosis: The test is very closely coiled in initial portion. The chambers and sutures are 
often indistinct. The test quickly uncoils to a uniserial growth stage, with ovate chambers in 
a straight, linear arrangement. The final chambers are often inflated and slightly bulbous. 
The sutures are distinct, but with no ornamentation. The aperture protrudes on a nib, and is 
distinct, often tapering. The aperture is offset to the opposite side of the last chamber away 
from the direction of coiling. 
 
Remarks: This variety differs from Marginulina austinana by virtue of the uniserial 
portion being distinctly linear and elongate. There are also fewer chambers in initial, coiled 
portion.  
 
Marginulina inconstantia Cushman, 1938 
Plate 21, Figs 6 – 8; Plate 48, Fig. 6. 
 
1938 Marginulina inconstantia Cushman,  p. 33, pl. 5, figs 4-9. 
1946 Marginulina inconstantia Cushman; Cushman,  p. 59,  pl. 20, figs 4-9. 
 
Diagnosis: The test is elongate with the early portion closely coiled and rounded. The 
chambers quickly uncoil into a uniserial arrangement in the later portion, but the test 
continues to be gently curved. The sutures are lobate, thickened, especially towards 
periphery, forming ridges between the chambers. These ridges can often become markedly 
thickened and partially cover the chambers. Sometimes the test straightens into a linear 
chamber arrangement. The aperture protrudes from a distinct nib on top of the final 
chamber and is offset to the opposite side to the direction of coiling. The apertural 
protrusion is often large and distinct, tapering. 
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Remarks: This highly variable species differs from Marginulina austinana and, indeed, 
other species of Marginulina by the thickened, often lobate sutures that form substantial 
ribs between the chambers. In the original figures of the species, Cushman shows a range of 
morphotypes from a lenticuline form to that of a near-uncoiled Margingulina. 
 
Marginulina stephensoni Cushman, 1937 
 
1937 Marginulina stephensoni Cushman, p. 93, pl. 13, figs 10, 11. 
1944 Marginulina stephensoni Cushman; Cushman and Deaderick, p. 331, pl. 51, figs 1-3. 
1946 Marginulina stephensoni Cushman; Cushman, pp. 59, 60, pl. 20, figs 25, 26. 
Diagnosis: The early portion of the test is closely coiled with rather indistinct chambers 
and a bulbous central boss, although the test is much compressed. The later growth stages 
remain compressed with slightly inflated chambers that uncoil into a uniserial arrangement. 
The sutures in the later portion of the test are more distinct. The chambers become slightly 
more elongate in the later portion. The aperture is radiate at the outer peripheral angle. 
 
Remarks: Marginulina stephensoni is much more rounded than the other species recorded 
in this study. Although the later portion uncoils to a uniserial arrangement, the chambers 
remain distinctly rounded and, in this respect, the species may resemble species of 
Planularia. This species differs from “Astacolus taylorensis Plummer”, which it resembles 
in its earlier stages, in the smaller number of chambers in the coil, broader periphery, and 
more definite and larger uniserial chambers (Cushman, 1946, p, 60). 
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Marginulina dorsata Cushman, 1937 
 
1937 Marginulina dorsata Cushman, p. 94, pl. 13, figs 16-18. 
1946 Marginulina dorsata Cushman; Cushman, p. 60, pl. 20, figs 29-31. 
 
Diagnosis: The test is small, elongate, two to three times as long as broad. The initial 
portion is often too small, or indistinct, to observe, and appears to taper slightly. In the later 
portion, chambers are bulbous and slightly inflated. There are only a few chambers in the 
uncoiled portion. The aperture protrudes a little from the dorsal side of the final, rounded 
chamber.  
 
Remarks: Marginulina dorsata is a very small species in comparison to other species of 
the genus. The chambers in the later portion also become inflated and rounded and there are 
comparatively few of them in relation to other species.  
 
Marginulina armata Reuss, 1860 
 
1860 Marginulina armata Reuss, p. 209, pl. 7, fig. 7. 
1946 Marginulina armata Reuss ; Cushman, p. 60, pl. 21, fig. 1. 
 
Diagnosis: The test is small and elongate. The initial portion is unclear as the test quickly 
becomes uniserial. The chambers in the uniserial portion become increasingly bulbous and 
inflated with maturity. The wall structure is distinctly spinose, unlike other species of 
Marginulina. The aperture is on a large protrusion at the tip of the final chamber. 
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Remarks: Specimens that are heavily spinose are described as “Marginulina cf. armata”. 
Cushman (1946, p. 60) indicates that the original figure of Reuss is of only a partial 
specimen and that the topotypes are also damaged. Cushman indicates that the spinose 
character of the test is, however, the diagnostic feature. 
 
Marginulina munda Cushman, 1938 
 
1938 Marginulina munda Cushman, p. 34, pl. 5, figs 11, 12.  
1944 Marginulina munda Cushman; Cushman and Deaderick, p. 331, pl. 51, fig. 4. 
1946 Marginulina munda Cushman; Cushman, p. 60, pl. 21, figs 2, 3. 
 
Diagnosis: The test is small, elongate and slightly compressed. The early portion is 
distinctly coiled, with distinct chambers and slightly depressed sutures.  The later portion of 
the test becomes uniserial, but the chambers still overlap obliquely, creating a triangular 
appearance to the later chambers. The chambers become elongated in this manner with 
maturity. There may be a central boss in the initial portion of the test. The aperture is 
radiate at the dorsal peripheral angle. 
 
Remarks: The chambers appear to resist becoming uniserial and cause the later chambers 
to become elongate and oblique.  
 
Marginulina taylorana Cushman, 1937 
 
1937 Marginulina taylorana Cushman, 1937, p. 96, pl. 14, fig. 7. 
1946 Marginulina taylorana Cushman; Cushman, p. 61, pl. 21, figs 11-15. 
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Diagnosis: The test is small and elongate. The initial portion is closely coiled and rounded. 
The sutures and chambers are distinct. There are 2–3 rounded, bulbous chambers in the 
uncoiled portion. The last chamber is tapered to point, where aperture is located at the outer 
peripheral angle.  
 
Remarks: This is a rare species. As it is quite a small species, M. taylorana may be 
confused with juveniles of other Marginulina species. 
 
Marginulina cretacea Cushman, 1937 
Plate 21, Figs 14 – 15; Plate 48, Fig. 5. 
 
1937 Marginulina cretacea Cushman, p. 94, pl. 13, figs 12-15. 
1944 Marginulina cretacea Cushman; Cushman and deaderick, p. 332, pl. 51, fig. 5. 
1946 Marginulina cretacea Cushman; Cushman, p. 61, pl. 21, figs 16-20, 39. 
 
Diagnosis: The test is compressed, and ovate in cross-section. The initial portion is closely 
coiled with indistinct chambers. In the later portion, the test becomes uncoiled and 
uniserial. The periphery is strongly convex with distinct chambers that become more 
elongate with maturity. The overall shape of the test is crescent-shaped. 
 
Remarks: The test is strongly convex along the periphery, and this creates a crescent-
shaped, moon-shaped test, which is the distinguishing feature of this species.  
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Marginulina texasensis Cushman, 1938 
Plate 21, Figs 8 – 9; Plate 50, Figs 4, 10. 
 
1931 Marginulina elongata Cushman (not d’Orbigny), p. 304, pl. 35, fig. 6a, b. 
1932 Magrinulina modesta Cushman & Jarvis (not Reuss), p. 26, pl. 8, fig. 6a, b. 
1938 Marginulina texasensis Cushman, p. 95. 
1944 Marginulina texasensis Cushman; Cushman & Deaderick, p. 332, pl. 51, figs 6, 7. 
1946 Marginulina texasensis Cushman; Cushman, p. 61, pl. 21, figs 21-29, 38, 40.  
 
Diagnosis: The test is elongate and slender. The initial portion is very indistinct as most 
forms are seen to uncoil rapidly. The initial portion is normally only recognised by a 
bulbous, rounded tip. The uncoiled portion has distinct chambers that are initially 
cylindrical but become more rounded, lobate and inflated with maturity. Chambers increase 
in size gradually with maturity. The aperture is on a protrusion on the tip of the final 
chamber. There are infrequent forms that display a spinose wall structure. 
 
Remarks: This species resembles species of the genus Dentalina in many ways. Forms 
with a spinose wall structure, which are infrequently observed, are recorded as 
“Marginulina cf. texasensis”. 
 
Marginulina bullata Reuss, 1845 
 
1845 Marginulina bullata Reuss, p. 29, pl. 13, figs 34-38. 
1937 Marginulina bullata Reuss ; Cushman, p. 96, pl. 14, figs 9-15. 
1946 Marginulina bullata Reuss ; Cushman, p. 62, pl. 21, figs 32-37. 
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Diagnosis: The test is small, with few chambers. The chambers rapidly inflate with 
maturity, with the later chambers inflated, rounded and bulbous. The initial portion of the 
test is indistinct due to the later, inflated chambers. The aperture is distinct, on a small 
protrusion. 
 
Remarks: This species is rarely recorded but, as a result of its strongly inflated – though 
few – chambers, it is quite distinctive. 
 
Marginulina navarroana Cushman, 1937 
 
1937 Marginulina navarroana Cushman, p. 98, pl. 14, figs 17, 18. 
1946 Marginulina navarroana Cushman; Cushman, p. 62, pl. 22, figs 1-5. 
 
Diagnosis: The test is elongate, almost entirely dominated by the uniserial portion. The 
chambers are cylindrical in shape but in the later portion become gently rounded and 
inflated. The initial portion is indistinct as the test rapidly uncoils from the rounded, coiled 
portion. The wall is ornamented by longitudinal ridges which run from the aperture to the 
initial portion. These are variable in thickness, are often linear, but occasionally wrap 
around the test parallel to one another. 
 
Remarks: This species has longitudinal ridges which run the entirety of the test and are the 
distinguishing feature of this species. This species may appear similar to some species of 
Dentalina or Nodosaria, but is different by virtue of the chambers not being entirely 
uniserial throughout and not being so straight. 
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Marginulina silicula (Plummer, 1931) 
Plate 21, Figs 11 – 13. 
 
1931 Marginulina silicula Plummer, p. 148, pl. 10, figs 8, 9. 
1937 Marginulina silicula (Plummer); Cushman, p. 97, pl. 14, figs 19-22. 
1946 Marginulina silicula (Plummer); Cushman, p. 62, pl. 21, figs 42-45. 
 
Diagnosis:  The test is large an elongate. The early portion is very closely coiled and forms 
a bulb at the base of test. One, or possibly two, thin pointed spines emanate from the base 
of test. The later portion quickly uncoils to a uniserial growth form. In the later portion of 
the test the sutures are raised and may be slightly bulbous in middle of each suture.  
 
Remarks: The spinose protrusions from the base of the coiled, early, portion of the test and 
the thickened middle portion of the sutures are the distinguishing features of this species. 
The appearance of the sutures (and the presence of spines) may be quite similar to some 
species of Vaginulina, but the closely coiled initial portion is not recorded in Vaginulina. 
 
Marginulina plummerae Cushman, 1937 
Plate 21, Figs 4 – 5. 
 
1926 Cristellaria lineara Carsey (not C. linearis d’Orbigny), p. 36, pl. 2, fig. 3. 
1931 Hemicristellaria ensis Plummer (not Reuss), p. 146, pl. 10, figs 1-4. 
1937 Marginulina plummerae Cushman, p. 97, pl. 13, figs 21-23. 
1946 Marginulina plummerae Cushman, pp. 62-63, pl. 22, figs 6-10. 
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Diagnosis: Test is elongate, 4 to 5 times as long as broad. The test is slightly compressed in 
the early portion and is closely coiled but uncoils rapidly to a uniserial growth form in the 
later portion. The sutures are thickened, and very distinct in early portion, though becoming 
rather indistinct and slightly depressed. The chambers are cylindrical in the early portion 
but become more inflated and rounded with maturity. The early part of the test is curved 
while the later growth stages become very straight. The aperture is radiate at the outer 
peripheral angle. 
 
Remarks: Marginulina plummerae is characterised by a distinctive early and later portion 
which are quite different in appearance. This species may be confused with some species of 
Vaginulina. 
 
Marginulina jarvisi Cushman, 1938 
 
1926 Cristellaria grata Cushman (not Reuss), p. 598, pl. 19, fig. 1a, b. 
1926 Lenticulina grata Cushman (not Reuss), p. 96, pl. 14, fig. 3. 
1932 Marginulina grata Cushman & Jarvis (not Reuss), p. 25, pl. 7, fig. 7, pl. 8, fig. 3. 
1932 Marginulina schloenbachi Cushman & Jarvis (not Reuss), p. 26, pl. 8, fig. 5. 
1938 Marginulina jarvisi Cushman, 1938, p. 35, pl. 5, figs 17, 18. 
1946 Marginulina jarvisi Cushman, p. 63, pl. 22, figs 18-20. 
 
Diagnosis: The test is compressed, elongate and ovate in cross-section. The early portion is 
coiled but quickly uncoils. The test is slightly curved along the periphery. The chambers are 
elongate and distinct, with slightly depressed sutures. The radiate aperture is at the 
peripheral angle. 
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Remarks: This is a variable species that is quite compressed compared to other species of 
Marginulina. The chambers are quite distinctive, with simple, limbate, sutures. 
 
Marginulina(?) trilobata d’Orbigny, 1840 
 
1840 Marginulina trilobata d’Orbigny, p. 16, pl. 1, figs 16, 17. 
1932 Marginulina trilobata d’Orbigny; Cushman & Jarvis, p. 28, pl. 9, figs 3, 4. 
1946 Marginulina? trilobata d’Orbigny; Cushman, p. 64, pl. 22, fig. 22. 
 
Diagnosis: The test is elongate and much compressed giving an ovate cross-section. The 
chambers in the later portion are uniform in size. The sutures are very distinct, thickened 
and raised along the chamber margin. The aperture is radiate at the peripheral margin. 
 
Remarks: The very distinctive, thickened sutures and uniform chamber size in the later 
portion are the distinctive features of this species. Cushman (1946, p. 64) notes the 
presence of distinctive megalospheric and microspheric forms. Originally described from 
the chalk facies of the Paris Basin, this species is well known in Europe, but may be less 
reliable as a clearly identified species in Trinidad, Mexico and Texas. Cushman (1946, p. 
64) also questions the generic determination as Marginulina as this species has many 
characteristics of Vaginulina. 
 
 
 
 
  Chapter 5 - Taxonomy 
154 
 
Marginulina sp. A Cushman, 1946 
 
1946 Marginulina sp. A Cushman, p. 64, pl. 22, fig. 23. 
 
Diagnosis: The test is elongate and thin. The initial portion is closely coiled with 
thickened, raised sutures and chambers of uniform appearance. In the later portion the 
chambers become increasingly inflated with depressed sutures. The later chambers also 
become increasingly elongate.  
 
Remarks: This is a rare species that appears very different in the early growth stages 
compared to the later portion. Cushman (1946, p. 64) notes that the early stages appear very 
close to M. plummerae, and this is probably why he – rather unusually – left this species in 
open nomenclature. 
 
Marginulina sp. C Cushman, 1946 
 
1946 Marginulina sp. C Cushman, p. 64, pl. 22, figs 25-27. 
 
Diagnosis: The initial portion consists of one or two bulbous chambers that quickly uncoil 
into a linear, uniserial portion. The final chambers are elongate and large, about the same 
width as the test is long.  
 
Remarks: The characteristic large, later chambers are distinctive of this rare species. 
Cushman (1946, p. 64) indicates that his three specimens are probably young stages of 
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Marginulina, but he left this species in open nomenclature, without making any suggestions 
of comparable species. 
 
Genus DENTALINA Risso, 1826 
 
Type Species; Nodosaria (Dentalina) cuvieri d’Orbigny, 1826 
 
Species of Dentalina are elongate, slender and uniserial. The chambers are often cylindrical 
to ovate in cross-section, increasing gradually with maturity. Species of Dentalina may be 
smooth or ornamented with thickened, longitudinal costae (ridges) and – in this case – may 
be confused with some species of Nodosaria or even Marginulina. Dentalina species 
typically have depressed, thin sutures which also helps to differentiate them from 
Marginulina, Nodosaria and Vaginulina species. The aperture is radiate and terminal, often 
at the apex of the final, tapering chamber. Loeblich & Tappan (1986) introduced 
Laevidentalina  for dentaline forms without longitudinal costae, although this separation 
has not been universally accepted. Dentalina is used here in the original concept of the 
genus. 
 
Dentalina involvens Cushman, 1938 
 
1938 Dentalina involvens Cushman, p. 37, pl. 6, fig. 3. 
1946 Dentalina involvens Cushman, p. 64, pl. 22, fig. 28. 
 
Diagnosis : The test is small, elongate and uniserial. The chambers are distinct, rounded in 
cross-section, and uniform in shape and size throughout. Longitudinal, raised ridges 
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(costae) run parallel from the initial portion to the tip of the final chamber. In the initial 
portion the costae are slightly twisted, becoming less so in later growth stages. There is a 
prominent spine on the tip of both the first and last chambers. The aperture is terminal, 
radiate and slightly excentric. 
 
Remarks: This is a very strangely ornamented species. The ‘twisted’ ornament separates 
this species from D. alternata. It may appear superficially similar to species of Nodosoria 
in many ways, although, D. involvens is much smaller with a tapering spine on the top and 
bottom of the test. 
 
Dentalina alternata (Jones in Wright, 1886)  
 
1886 Dentalina alternata Jones in Wright, p. 330, pl. 27, fig. 10. 
1931 Dentalina alternata (Jones in Wright); Plummer, p.153, pl. 11, fig. 10. 
REF Dentalina alternata (Jones in Wright) Plummer; Sandidge. p. 274, pl. 42, fig. 6. 
1940 Dentalina alternata (Jones in Wright) Plummer; Cushman, p. 76, pl. 13, figs 2-6. 
1944 Dentalina alternata (Jones in Wright) Plummer; Cushman & Deaderick, p. 332, pl. 51, fig. 11. 
1946 Dentalina alternata (Jones) Plummer; Cushman, p. 64, pl. 22, figs 29-33. 
 
Diagnosis: The test is elongate, with the chambers fairly uniform in size. The initial 
chambers may have a small spine. The chambers gradually become more rounded in cross-
section with maturity, with more depressed sutures. The external surface is ornamented by 
longitudinal, raised costae that run parallel to one another and are continuous across the 
whole test. The final chamber tapers to a point with a terminal, radiate aperture. There is 
  Chapter 5 - Taxonomy 
157 
 
often a slight curvature to test, leading to the suggestion that this species is on the boundary 
between Nodosaria and Dentalina. 
 
Remarks: Cushman (1946, p. 65) indicates that the material from Texas is identical to that 
described by Jones from Northern Ireland, but he questions whether it should be placed in 
Dentalina or Nodosaria.  
 
Dentalina legumen (Reuss, 1851) 
 
1851 Nodosaria (Dentalina) legumen Reuss, p. 10, pl. 1, fig. 14. 
1860 Nodosaria (Dentalina) legumen Reuss; Reuss, p. 187, pl. 3, fig. 5. 
1893 Nodosaria (Dentalina) legumen Reuss; Chapman, p. 589, pl. 8, fig. 37.  
1928 Dentalina legumen (Reuss); Franke, p. 27, pl. 2, fig. 23.  
1933 Dentalina legumen (Reuss); Eichenberg, p. 5, pl. 2, fig. 18, pl. 8, fig. 3. 
1936 Dentalina legumen (Reuss); Brotzen, p. 75, pl. 5, fig. 9. 
1940 Dentalina legumen Reuss; Cushman, p. 77, pl. 13, figs 7, 8. 
1946 Dentalina legumen Reuss; Cushman, p. 65, pl. 23, figs 1, 2. 
1951 Dentalina legumen (Reuss); Bartenstein & Brand, p. 309, pl. 9, fig. 232. 
1965 Dentalina legumen (Reuss); Neagu, p. 20, pl. 5, figs 32-34. 
1967 Dentalina legumen (Reuss); Fuchs, p. 287, pl. 8, fig. 3. 
 
Diagnosis: The test is elongate, tapering in the initial portion to the tip. The chambers 
increase gradually in length with maturity, but their width remains constant. Some 
specimens have final chambers that appear more inflated as the sutures may become 
slightly depressed. Sutures are slightly oblique to the length of the test. 
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Remarks: This is a small, variable and rare species in the material from the Brazos River 
area, Texas. The species is distinguishable by the sutures being oblique to the elongation of 
the test and the chambers not becoming more inflated and rounded with maturity as is often 
the case in other species of Dentalina. This species is similar to D. nana Reuss and D. 
deflexa Reuss. D. legumen is widely recorded throughout Europe, but is often regarded as 
being of mid-Cretaceous age. 
 
Dentalina gracilis d’Orbigny, 1840 
Plate 23, Figs 7 – 10; Plate 50, Fig. 6. 
 
1840 Dentalina gracilis d’Orbigny, p. 14, pl. 1, fig. 5. 
1928 Dentalina gracilis d’Orbigny; Franke, p. 29, pl. 2, fig. 22. 
1940 Dentalina gracilis d’Orbigny; Cushman, p. 77, pl. 13, figs 9-11. 
1944 Dentalina gracilis d’Orbigny; Cushman & Deaderick, p. 57, pl. 11, fig. 4. 
1946 Dentalina gracilis d’Orbigny; Cushman, pp. 65, 66, pl. 23, figs 3-6. 
 
Diagnosis: The test is elongate, uniserial, with distinctive chambers that are rounded and 
become increasingly elongate. There may be a spine at the tip of initial chamber. The initial 
stages of the test may be slightly curved, but the test straightens in the later portion. The 
sutures are distinctly depressed throughout and the chambers become increasingly more 
elongated with maturity. The aperture is on the tip of the final, tapering chamber. 
 
Remarks: The chambers are distinctively elongated, but not bulbous. The initial portion of 
the test is distinctly tapered and this is also a characteristic feature of a species initially 
described from the chalk facies of the Paris Basin by d’Orbigny (1840). 
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Dentalina lorneiana (d’Orbigny, 1840) 
Plate 23, Figs 1 – 4. 
 
1840 Nodosaria (Dentalina)  lorneiana d’Orbigny, p. 14, pl. 1, figs 8, 9. 
1928 Dentalina lorneiana d’Orbigny; Franke, p. 28, pl. 2, fig. 29. 
1931 Dentalina lorneiana d’Orbigny; Cushman, p. 28, pl. 3, figs 4-7. 
1946 Dentalina lorneiana d’Orbigny; Cushman, p. 66, pl. 23, figs 7-11. 
 
Diagnosis: The test is elongate, slender and uniserial, with an initial portion that is slightly 
curved, but becoming increasingly straight with maturity. The chambers are distinct with 
depressed sutures, elongated and becoming more increasingly elongated with maturity. The 
aperture is radiate, terminal, at the tip of final chamber. 
 
Remarks: This species is distinguishable by the highly elongated, ovate chambers in the 
later portion. Cushman (1946, p. 66) records the fact that it is widely known as D. legumen 
Reuss, but is not that species. There is a mixed taxonomy of this species and a form 
described by Reuss (1845) and Franke (1928) as Nodosaria lorneiana. Initially described as 
a species of Nodosaria by d’Orbigny (1840, p. 14) many authors (see above) have 
continued to use Nodosaria for the genus.  
 
Dentalina fallax Franke, 1928 
 
1928 Dentalina fallax Franke, p. 27, pl. 2, fig. 18. 
1940 Dentalina fallax Franke; Cushman, p. 79, pl. 13, figs 18-20. 
1946 Dentalina fallax Franke; Cushman, p. 66, pl. 23, figs 15-17. 
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Diagnosis: The test is elongate, uniserial with a few chambers that are rounded to almost 
spherical in shape. The initial chamber tapers slightly to a point. The sutures are very 
distinct and depressed. Chambers overlap and become slightly more inflated with growth. 
The final chamber is strongly tapered to a point where the radiate aperture is present on a 
small neck.  
 
Remarks: This is a small and quite rare species. The main characteristic is the presence of 
a few, rounded chambers and a distinct, larger, tapering final chamber. 
 
Dentalina aculeata d’Orbigny, 1840 
Plate 23, Figs 11 – 14. 
 
1840 Dentalina aculeata d’Orbigny, p. 13, pl. 1, figs 2, 3. 
1850 Dentalina aculeata d’Orbigny; d’Orbigny, p. 280. 
1932 Dentalina aculeata d’Orbigny; Cushman, p. 335, pl. 50, fig. 7. 
1946 Dentalina aculeata d’Orbigny; Cushman, p. 67, pl. 26, figs 17, 18. 
 
Diagnosis: The test is comprised of a single bulbous, inflated chamber that tapers at both 
ends to cylindrical, tubular appendages. The chamber is moderately to coarsely spinose, 
while the extensions are smoother. 
 
Remarks:  D. aculeata d’Oribingy was described from the Cenozoic while another taxon, 
with the same specific name, was described as Ramulina aculeata Wright (1886) from the 
Upper Cretaceous of Northern Ireland. Most subsequent workers on the Cretaceous 
followed Wright’s determination until 1949 when Loeblich & Tappan decided that they 
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were, in fact, synonymous. Loeblich & Tappan (1949) claimed that as D. aculeata looks 
like a “Dentalina”, the use of Ramulina is in error. An examination of a microfilm of 
d’Orbingny’s material shows that his taxon is a Dentalina, quite unlike the type figure. This 
probably invalidates the species, but it is retained here following Cushman’s (1946) 
interpretation. This is a very distinctive form and different to all other species of Dentalina 
species. The appearance is more that of Ramulina, and many authors have included this 
form in that genus. The aperture is not radiate, being the open end of the tubes. 
 
Dentalina multicostata d’Orbigny, 1840 
 
1840 Dentalina multicostata d’Orbigny, p. 15, pl. 1, figs 14, 15. 
1940 Dentalina multicostata d’Orbigny; Cushman, p. 80, pl. 13, figs 23-25. 
1946 Dentalina multicostata d’Orbigny; Cushman, p. 67, pl. 23, figs 21-23. 
 
Diagnosis: The test is uniserial, elongate, with rounded, globular chambers that may be 
slightly bulbous. There are numerous distinct, thin, longitudinal ridges that run the entire 
length of specimen. These are slightly oblique and wrap around chambers, but remain 
parallel to one another.  
 
Remarks: This is a quite distinctive species, characterised by the longitudinal ridges. 
Though often appearing Nodosaria-like, the chamber arrangement of this species is 
distinctly dentaline.  
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Dentalina megalopolitana Reuss, 1855 
Plate 22, Figs 3 – 12; Plate 50, Figs 3 – 5. 
 
1855 Dentalina megalopolitana Reuss, p. 267, pl. 8, fig. 10. 
1931 Dentalina megalopolitana Reuss; Cushman, p. 304, pl. 34, fig. 17. 
1944 Dentalina megalopolitana Reuss; Cushman & Deaderick, p. 332, pl. 51, fig. 8. 
1946 Dentalina megalopolitana Reuss; Cushman, p. 67, pl. 23, figs 24-26. 
 
Diagnosis: The test is large, elongate, uniserial and slightly fusiform in appearance. The 
chambers are not inflated, and the sutures, though not depressed, are distinct. The sutures 
are slightly oblique. The final chamber often tapers to a point with the radiate aperture 
present at the tip. The chambers do not appear to increase in size, or shape, with maturity. 
Specimens may often be slightly curved. 
 
Remarks: The distinctive feature of this species is that the chambers are not inflated and 
the sutures are not depressed, unlike almost all other Dentalina species. The chambers are 
also rather uniform in appearance. . 
 
Dentalina catenula Reuss, 1860 
 
1860 Dentalina catenula Reuss, p. 185, pl. 3, fig. 6. 
1940 Dentalina catenula Reuss; Cushman, p. 81, pl. 13, figs 29-34. 
1946 Dentalina catenula Reuss; Cushman, pp. 67-68, pl. 23, figs 27-32. 
 
Diagnosis: The test is elongate, uniserial, with only a few rounded, inflated and slightly 
bulbous chambers. The chambers overlap slightly and may become slightly curved. The 
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initial chamber has a distinct spine at the base of the otherwise rounded chamber. The 
sutures are distinct and strongly depressed. The final chamber tapers to a point where the 
aperture is located.  
 
Remarks: The distinctive spine at the tip of the final chamber only occurs in this species of 
Dentalina. The relatively few and rounded chambers are also distinctive of this species. 
 
Dentalina basiplanata Cushman, 1938 
Plate 22, Figs 1 – 2; Plate 50, 2 – 8. 
 
1931 Dentalina annulata Cushman (not Reuss), p. 28, pl. 3, fig. 3. 
1931 Dentalina reussi Plummer (not Neugeboren), p. 151, pl. 11, fig. 5. 
1938 Dentalina basiplanata Cushman, p. 38, pl. 6, figs 6-8. 
1944 Dentalina basiplanata Cushman; Cushman & Deaderick, p. 333, pl. 51, figs 17, 18. 
1946 Dentalina basiplanata Cushman; Cushman, p. 68, pl. 24, figs 1-6. 
 
Diagnosis: The test is elongate, uniserial and slender. It tapers in the initial portion but not 
to a sharp point. Specimens are usually slightly curved. In the initial portion sutures are not 
depressed, the chambers not inflated and the appearance is rather uniform. In the later 
growth stages sutures are depressed, with the chambers becoming increasingly elongated 
and rounded. The chambers often overlap slightly in the later portion. The final chamber 
tapers to a point with the radiate aperture situated at the tip. Sutures may be more oblique in 
the early portion. The wall is generally smooth, though may be roughened slightly in the 
early growth stages. 
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Remarks: This species is distinguished from other Dentalina  by its gently increasing size 
and inflation of chambers with maturity.  
 
Dentalina confluens Reuss, 1861 
 
1861 Dentalina confluens Reuss. 
1862 Dentalina confluens Reuss; Reuss, p. 335, pl. 7, fig. 5. 
1928 Dentalina confluens Reuss; Franke, p. 36, pl. 3, fig. 14. 
1931 Dentalina confluens Reuss; Cushman, p. 304, pl. 35, fig. 1. 
1946 Dentalina confluens Reuss; Cushman, pp.68, 69, pl. 24, figs 9-12. 
 
Diagnosis: The test is small, elongate and uniserial. The chambers are significantly broader 
than tall, giving a squashed appearance. The chambers are distinct, appearing to overlap the 
previous chamber. There are longitudinal ridges present throughout test, although some 
may become twisted around test or be broken over sutures. The radiate aperture is located 
on a small protrusion at the tip of the rounded, final chamber.  
 
Remarks: Although not the only species of Dentalina to have longitudinal ridges, in this 
species they are non-continuous and the chambers appear squashed, and overlap with 
maturity.  
 
Dentalina solvata Cushman, 1938 
Plate 23, Figs 5 – 6. 
 
1938 Dentalina solvata Cushman, p. 39, pl. 6, figs 9-14. 
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1944 Dentalina solvata Cushman; Cushman & Deaderick, p. 333, pl. 51, figs 12-13. 
1946 Dentalina solvata Cushman; Cushman, p. 69, pl. 24, figs 13-17, 22. 
 
Diagnosis: The test is elongate, uniserial, very slender, and slightly curved. The chambers 
are rounded, overlapping slightly in the initial portion but quickly becoming increasingly 
separated. In the later growth stages the chambers are in a loose series, connected by 
narrow, stolon-like portion. The chambers also become increasingly elongated and bulbous 
with maturity. There is longitudinal ribbing present across the whole of the test surface but 
this is quite variable in intensity. There is more prominent ribbing in the narrow portion 
between chambers. The final chamber is tapered with a terminal aperture.  
 
Remarks: This is a very distinctive species, distinguishable by the uniserial arrangement of 
chambers that are in a loose series in the later portion, and the distinctive ornamentation.  
 
Dentalina delicatula Cushman, 1938 
 
1938 Dentalina delicatula Cushman, p. 40, pl. 6, figs 19, 20. 
1946 Dentalina delicatula Cushman; Cushman, p. 70, pl. 25, figs 1-6. 
 
Diagnosis: The test is elongate, uniserial, slender, and gently curved. The chambers are 
distinct, rounded and slightly overlapping. The chambers are ornamented with numerous, 
thin – but pronounced – longitudinal ridges. The chambers become increasingly elongate 
with maturity. The radiate aperture projects from the tapering point of the final chamber. 
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Remarks: This species is quite similar to other species of Dentalina species, but is 
identified by its longitudinal ridges and projecting aperture. 
 
Dentalina angusticostata Cushman, 1938 
 
1938 Dentalina angusticostata Cushman, p. 41, pl. 6, figs 21-22. 
1946 Dentalina angusticostata Cushman; Cushman, p. 70, pl. 24, figs 7, 8. 
 
Diagnosis: The test is elongate, uniserial., with distinct, rounded chambers which become 
increasingly elongate with maturity. The chambers are ornamented with numerous, thin – 
but pronounced – longitudinal ridges which thicken over the body of each chamber and 
cross the sutures. The radiate aperture is located on a projection on the final chamber. 
 
Remarks: This species is quite similar to D. delicatula, but the longitudinal ridges are 
more numerous on D. angusticostata and thicken over the chamber body. D. angusticostata 
is also slightly curved. Cushman (1946, p. 70) also notes that this species differs from D. 
multicostata in having a more slender test with fusiform chambers and abundant, narrow 
costae. 
 
Genus NODOSARIA Lamarck, 1812 
 
Type Species; Nautilus radicula Linné, 1758 
 
Species of Nodosaria are distinctly uniserial, often quite large and elongated. The initial 
chamber is usually distinctive from the following chambers, being more rounded and ovate. 
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The final chamber often has a very pronounced, usually ornamented, rounded neck that 
carries a terminal, radiate aperture. Species of Nodosaria are commonly ornamented by a 
series of longitudinal costae that run the entire length of the test. The variability of these 
costae is often the distinguishing feature of each species. 
 
Nodosaria affinis Reuss, 1845 
Plate 24, Figs 3 – 22; Plate 25, Figs 1 – 19; Plate 49, Figs 1 – 6. 
 
1845 Nodosaria affinis Reuss, p. 26, pl. Xlll, fig. 16. 
1928 Nodosaria affinis Reuss; Franke, p. 37, pl. 3, fig. 25. 
1931 Nodosaria affinis Reuss; Cushman, p. 30, pl. 3, figs 16-20. 
1944 Nodosaria affinis Reuss; Cushman & Deaderick, p. 333, pl. 51, figs 19-21. 
1946 Nodosaria affinis Reuss; Cushman, pp. 70-71, pl. 25, figs 8-23. 
 
Diagnosis: The test is elongate, uniserial and quite large. The initial chamber carries a 
prominent, stout spine – or spines – at the base. The chambers are distinct, inflated, 
rounded, often being uniform in size and shape. The initial chamber may be the largest. The 
outer wall is ornamented by numerous (13–15), prominent, continuous, longitudinal costae 
which run straight and parallel to one another. Each costae is usually quite sharp, forming a 
distinct ridge. The final chamber, which may be smaller than the others, carries the radiate 
aperture on a distinct, prominent, projection. 
 
Remarks: This is a very distinctive, large species that is characterised by the 13–15 thick, 
ridge like costae that run across the whole of the test. 
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Nodosaria distans Reuss, 1855 
 
1855 Nodosaria distans Reuss, p. 264, pl. 8, fig. 5. 
1940 Nodosaria distans Reuss; Cushman, p. 87, pl. 15, figs 24-25. 
1946 Nodosaria distans Reuss; Cushman, p. 71, pl. 26, figs 1-2. 
 
Diagnosis: The test is elongate, uniserial with straight chambers that are distinct, ovate and 
inflated. The chambers are loosely connected, being joined by stolon-like connections. The 
longitudinal, thickened costae run parallel over the entirety of the test, and are not 
interrupted at the sutures. The chambers appear polygonal in cross-section. 
 
Remarks: This species has fewer and less prominent longitudinal costae than N.  affinis. 
The chambers appear more separated, tend to be more elongate and are joined by stolon-
like connections. Cushman (1946, p. 71) notes that the type specimen of Reuss was 
fragmentary and this makes any determinations reliant on Cushman’s interpretation of the 
species. 
 
Nodosaria fusula Reuss, 1874 
 
1874 Nodosaria fusula Reuss, p. 82, pl. ll(20), fig. 9. 
1928 Nodosaria fusula Reuss; Franke, p. 49, pl. 4, fig. 3. 
1940 Nodosaria fusula Reuss; Cushman, p. 88, pl. 16, fig. 1. 
1946 Nodosaria fusula Reuss; Cushman, pp.71-72, pl. 26, fig. 5. 
 
Diagnosis: The test is elongate, uniserial and straight. Initially the chambers are cylindrical 
and overlapping.  A small rounded spine protrudes from the initial chamber. The chambers 
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become increasingly elongate and inflated with maturity, with little overlap in the final 
chambers. The depressed sutures are also more prominent between the final chambers, 
being less clearly defined in the initial portion. There are distinctive longitudinal costae 
which do not cross the sutures in the later portion. A large, elongate, protrusion emanates 
from the top of that final chamber on which sits the aperture. 
 
Remarks: The changing chamber arrangement and ornamentation is characteristic. The 
elongated protrusion on the top of the final chamber is larger and more distinctive than in 
other species of Nodosaria. Cushman (1946, p. 71) comments on the problems of the 
separation of N. fusula and N. amphioxys, both of which were initially described by Reuss. 
 
Nodosaria proboscidea Reuss, 1851 
 
1851 Nodosaria proboscidea Reuss, p. 7, pl. 1, fig. 6. 
1940 Nodosaria proboscidea Reuss; Cushman, p. 89, pl. 16, figs 8-9. 
1944 Nodosaria proboscidea Reuss; Cushman & Deaderick, p. 334, pl. 51, fig. 25.  
1946 Nodosaria proboscidea Reuss; Cushman, p. 72, pl. 26, figs 12-13. 
 
Diagnosis: The test is small, elongate, uniserial, with indistinct chambers. The sutures are 
also indistinct, being only slightly depressed in the final few chambers. The initial portion 
is pointed, with a rounded top to the final chamber. Longitudinal, thickened, parallel costae 
run along the entire test. There are relatively few costae with large spaces between them. 
The aperture is at the end of a long, drawn-out neck on the top of the final chamber. 
 
  Chapter 5 - Taxonomy 
170 
 
Remarks: This is a rare species in the samples from the Brazos River area. The chambers 
are not as distinctive as those in other species of Nodosaria and there are only a few 
longitudinal costae compared to other species. Reuss (1845) described N. obscura from the 
same material and many European and American workers have used this specific name as it 
pre-dates N. proboscidea. Both taxa are very similar and probably represent end members 
of a single plexus. The forms recorded here more closely fit the definition of N. 
proboscidea rather than N. obscura. 
 
Nodosaria corsicanana Cushman, 1938 
 
1938 Nodosaria corsicanana Cushman, p. 42, pl. 7, figs 1-4. 
1946 Nodosaria corsicanana Cushman; Cushman, p. 73, pl. 26, figs 19-22. 
 
Diagnosis: The test is elongate, thin and uniserial. The initial portion tapers and the test 
may become slightly curved with maturity. The chambers are distinct, globular, elongated, 
and of uniform in size and shape throughout test apart from the initial chamber which may 
be more rounded. The sutures are subtly depressed. The test wall is ornamented by a 10–14 
longitudinal, parallel costae that become slightly twisted or oblique in the final portion. 
These costae are not particularly well defined, and are only slightly raised.  
 
Remarks: This very thin and elongate species is quite distinctive. The chambers do not 
increase with maturity, like most species of Nodosaria. The longitudinal costae are only 
slightly raised and are not broken or depressed across the sutures unlike other Nodosaria 
species.  
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Nodosaria velascoensis Cushman, 1926 
Plate 24, Figs 1 – 2. 
 
1926 Nodosaria fontannesi var. velascoensis Cushman, p. 504, pl. 18, fig. 12. 
1928 Nodosaria velascoensis Cushman; Cushman & Jarvis, p. 97, pl. 13, figs 15, 16. 
1946 Nodosaria velascoensis Cushman; Cushman, pp. 73-74, pl. 26, figs 27-30. 
 
Diagnosis: The test is elongate, uniserial with elongated, cylindrical chambers that overlap 
with one another in the initial portion. With growth, the degree of chamber overlap 
decreases and the chambers become more elongated. The sutures are depressed slightly in 
the initial portion, becoming increasingly more depressed with maturity. The final chamber 
tapers to a point. The wall is ornamented by very finely raised, numerous, longitudinal, 
parallel costae. The costae may be oblique or even twisted in some specimens. The costae 
are often more defined in the area between the chambers, becoming very fine, or even 
reduced, across the body of the chambers.  
 
Remarks: This species is distinguished by the very finely raised, numerous longitudinal 
costae which are often reduced in strength across the face of the chambers.  
 
Nodosaria limonensis Cushman, 1925 
 
1925 Nodosaria limonensis Cushman, p. 21, pl. 3, fig. 4a, b. 
1946 Nodosaria limonensis Cushman; Cushman, p. 74, pl. 26, figs 25, 26. 
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Diagnosis: The test is elongate, uniserial, and widest at the base of the specimen. The 
chambers are indistinct, especially in the initial portion although the final few chambers 
may become more noticeable, though smaller. The sutures are indistinct. Broad, prominent, 
thickened, parallel, longitudinal costae extend over the entire test and do not break when 
crossing sutures. The final chamber is marked by a small protrusion that extends out from 
the top of the test.  
 
Remarks: Cushman (1946, p. 74) reports that all his material was broken although the 
thickened costae that extend over the entirety of the test separate this species from 
Nodosaria affinis. The costae in N. limonensis are not broken or depressed over the sutures, 
which they are in N. affinis.  
 
 
Nodosaria limbata d’Orbigny, 1840 
 
1840 Nodosaria limbata d’Orbigny, p. 12, pl. 1, fig. 1. 
1926 Nodosaria limbata d’Orbigny; Cushman, p. 595, pl. 18, fig. 14. 
1928 Nodosaria limbata d’Orbigny; Franke, p. 42, pl. 3, figs 27, 28. 
1928 Nodosaria concinna Cushman & Jarvis (not Reuss), p. 97, pl. 14, figs 5, 11. 
1946 Nodosaria limbata d’Orbigny; Cushman, p. 74, pl. 27, figs 1, 2. 
 
Diagnosis: The test is elongate, uniserial, with only 3–4 rounded, slightly overlapping 
chambers. The initial chamber is slightly tapering and the top of the final chamber is also 
slightly tapered. The sutures are depressed throughout. The wall is smooth and without 
ornamentation. The inital chamber may, or may not, have a simple spine. 
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Remarks: The very few chambers and lack of wall ornamentation are the distinguishing 
feature of this species. 
 
Nodosaria paupercula Reuss, 1845 
 
1845 Nodosaria paupercula Reuss, p. 26, pl. 12, fig. 12.  
1880 Dentalina paupercula (Reuss); Berthelin, p. 43, pl. 2, fig. 17a, b. 
1893 Nodosaria (Dentalina) paupercula Reuss; Chapman, p. 593, pl. 9, figs 13, 14. 
1917 Nodosaria (Dentalina) paupercula Reuss; Chapman, p. 27, pl. 4, fig. 41. 
1926 Nodosaria (Dentalina) paupercula Reuss, p. 51, pl. 3, fig. 25a-f. 
1928 Nodosaria paupercula Reuss; Franke, p. 45, pl. 8, fig. 37. 
1940 Nodosaria paupercula Reuss; Cushman, p. 96, pl. 16, figs 32-34.  
1946 Nodosaria paupercula Reuss; Cushman, p. 75, pl. 27, figs 10-12. 
 
Diagnosis: The test is elongate, uniserial, with well-rounded chambers of uniform size and 
which overlap in the initial portion. The sutures are very depressed. The test wall is 
ornamented by numerous longitudinal costae that run parallel to one another. 
 
Remarks: This species is very similar to Nodosaria affinis, but can be distinguished by its 
well rounded chambers. Cushman (1946, p. 75) indicates that his specimens from Texas 
closely resemble the illustrations of Reuss, though may not be con-specific. In Europe, N. 
paupercula is widely described, though mainly in Albian–Cenomanian strata. Chapman, 
who emigrated to Australia after working on the Gault Clay Formation (Albian) in the UK, 
described this species from both Australia (Chapman, 1917) and New Zealand (1926). 
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Genus PSEUDOGLANDULINA Cushman, 1929 
 
Type Species; Nautilus comatus Batsch, 1791 
 
Species of Pseudoglandulina are uniserial and rectilinear with globular to sub-cylindrical 
chambers, which increase regularly in size as added. There are very distinct longitudinal 
costae across the surface or the test. This feature is also present in species of Nodosaria and 
some species of Dentalina and so care needs to be taken with identication.  
 
Pseudoglandulina manifesta (Reuss, 1851)  
 
1851 Glandulina manifesta Reuss, p. 22, pl. 1, fig. 4.  
1926 Nodosaria manifesta (Reuss); Cushman, p. 594, pl. 18, fig. 8. 
1928 Glandulina manifesta Reuss; Franke, p. 52, pl. 4, fig. 28.  
1943 Pseudoglandulina manifesta (Reuss); Cushman & Todd, p. 58, pl. 10, fig. 15. 
1946 Pseudoglandulina manifesta (Reuss); Cushman, p. 76, pl. 27, figs 20-26. 
 
Diagnosis: The test is elongate and uniserial, with the initial chamber distinctly tapered to a 
point, possibly with a small spine. The chambers are not very distinct, being cylindrical, 
flattened with much overlap. The sutures are slightly depressed. The chambers gradually 
increase in width with maturity. The final chamber is often inflated, bulbous and rounded. 
The aperture is slightly protruding at the top of the final chamber. 
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Remarks: This species is characterised by its small test. It is distinguishable from other 
genera, such as Dentalina and Nodosaria, by the barrel-like, stout chambers and the often 
tapering initial chamber. 
 
Pseudoglandulina pygmaea (Reuss, 1851)  
 
1851 Glandulina pygmaea Reuss, p. 6, pl. 1, fig. 3.  
1946 Pseudoglandulina pygmaea (Reuss); Cushman, p. 76, pl. 27, figs 27, 28. 
 
Diagnosis:  The initial chambers are barely seen as they are very small, tapering to a point 
in the earliest form. The final chamber is very large and well rounded dwarfing the 
preceding chambers. The aperture is on a slightly raised protrusion on the top of the final 
chamber. The wall is ornamented by longitudinal, slightly raised, costae that are often seen 
to bifurcate.  
 
Remarks: The huge size of the final chamber in comparison with the initial chambers may 
make this species often appear as if there is only one chamber.  
 
Pseudoglandulina bistegia (Olszewski, 1875)  
 
1875 Cristellaria bistegia Olszewski, p. 115, pl. 1, fig. g (error for 9?).  
1932 Pseudoglandulina bistegia (Olszewski); Cushman & Jarvis, p. 37, pl. 11, figs 10-12.  
1946 Pseudoglandulina bistegia (Olszewski); Cushman, p. 76, pl.27, figs 30-32.  
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Diagnosis: The test is elongate, uniserial and formed of only 2–3 chambers. The initial 
chamber is well rounded and almost semi-circular. The final chamber is enlarged, inflated 
and bulbous, tapering to a point where the aperture is situated. The sutures are slightly 
depressed and the wall is smoothly finished.  
 
Remarks: This species is recognised by its distinctive lack of chambers and enlarged final 
chamber. 
 
Genus VAGINULINA d’Orbigny, 1826 
 
Type Species; Nautilus legumen Linné, 1758 
 
Species of Vaginulina are elongated, uniserial and compressed. In this aspect, they may 
resemble some species of Dentalina or Marginulina, particularly the later. Vaginulina  
typically have ornamented sutures that appear thickened or in bead-like patterns which 
often aids identification. Vaginulina species are also much larger. Some Vaginulina species 
become very large and later chambers increase very rapidly in width on one side of the test 
to create a sail-like shape to the compressed test which, combined with the chamber 
arrangement, is unique to Vaginulina.  
 
Vaginulina texana Cushman, 1930 
Plate 27, Fig. 15. 
 
1930 Vaginulina texana Cushman, p. 30, pl. 4, figs 2, 3. 
1931 Vaginulina regina Plummer, p. 162, pl. 10, fig. 22. 
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1944 Vaginulina texana Cushman; Cushman & Deaderick, p. 59, pl. 12, figs 1-6. 
1946 Vaginulina texana Cushman; Cushman, pp. 77-78, pl. 28, figs 7-22. 
 
Diagnosis: The test is elongate, compressed, uniserial and very variable. The sides of the 
test are almost parallel and taper to a point in the final chamber. The initial chamber is 
distinct, globular, and may have a small spine. The subsequent chambers are indistinct until 
the final few chambers. The chambers enlarge in size gradually, becoming slightly inflated 
in the final few chambers, which causes the margins to become somewhat lobate. The test 
may be slightly curved. The chambers and sutures are obscured by longitudinal costae that 
run the entire length of test. The costae are not parallel and often bifurcate. The aperture is 
radiate, somewhat produced at the dorsal margin.  
 
Remarks: The very compressed test and distinctive bifurcating ‘messy’ longitudinal costae 
are the distinguishing characteristics of this species. Cushman (1946, p. 77) regards 
Plummer’s V. regina as an end-member of a series of morphotypes between that species 
and V. texana. 
Vaginulina multicostata Cushman, 1930 
Plate 29, Figs 1 – 3; Plate 47, Fig. 9. 
 
1930 Vaginulina multicostata Cushman, p. 28, pl. 4, fig. 4. 
1944 Vaginulina multicostata Cushman; Cushman & Deaderick, p. 334, pl. 52, fig. 3. 
1946 Vaginulina multicostata Cushman; Cushman, pp. 79-80, pl. 29, figs 9-16. 
 
Diagnosis: The test is elongate, very compressed with a dorsal side that is straight or 
perhaps slightly curved in some specimens. The initial chamber is cylindrical and tapering, 
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slightly inflated but does not form a point. The ventral edge is very convex, creating a ‘sail-
like’ shape to the test. The chambers grow out over the preceding chambers. The final 
chamber tapers to a point at the top of the straightened edge. Sutures may become distinct, 
but are often obscured by numerous, fine, longitudinal costae that generally extend over the 
length of the entire test. This ornamentation is highly variable.. 
 
Remarks: Distinctive “sail” shape to the much compressed test and wall ornamentation are 
the distinctive features of this species. 
 
Vaginulina cretacea Plummer, 1927 
Plate 26, Figs 1 – 16; Plate 27, Figs 1 – 8; Plate 48, Figs 7 – 15. 
 
1927 Vaginulina gracilis var. cretacea Plummer, p. 172, pl. 2, fig. 8. 
1936 Vaginulina cretacea Plummer; Cushman, p. 417, pl. 1, fig. 5. 
1946 Vaginulina cretacea Plummer; Cushman, p. 80, pl. 30, figs 11-14. 
 
Diagnosis: The test is large, very elongate, uniserial, and slightly compressed giving an 
ovate cross-section. The test tapers to an initial chamber which is clearly rounded and 
distinct. All chambers are distinct, cylindrical, very gradually increasing in width with 
maturity. The test is curved, variably between specimens, often becoming more curved in 
the later portions. The sutures are very distinct, raised in the central portion and thickened 
to form a ridge/bead like appearance. The aperture is located on a raised protrusion towards 
the angle of curvature. 
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Remarks: This species does not ‘flare’ out into the sail-like test shape of other Vaginulina 
species. The distinctive, thickened, sutures and the chamber morphology are the 
distinguishing features of this species. 
 
Vaginulina webbervillensis Carsey, 1926 
Plate 28, Figs 1 – 6.  
 
1926 Vaginulina webbervillensis Carsey, p. 39, pl. 2, fig. 7. 
1930 Vaginulina webbervillensis Carsey; Cushman, p. 27, pl. 4, fig. 14. 
1946 Vaginulina webbervillensis Carsey; Cushman, p. 81, pl. 30, figs 5-10. 
 
Diagnosis: The test is very large, easily over 1 cm long in most specimens, and much 
compressed. The chambers are very distinct, increasing greatly in width, but not height, 
with maturity. The initial chamber is rounded, distinct, and may have a small spine 
emanating from beneath. The initial chamber also may be ornamented with longitudinal 
ridges that do not extend into the mature phase of the test. The dorsal edge is straight or 
perhaps slightly curved. The test is broadest towards apertural end, which flares out 
creating a sail-like appearance to the whole test. The wall is thickened along the 
straightened dorsal side. The aperture is located on a small protrusion on top of the 
straightened edge. 
 
Remarks: The size of this species can be its distinguishing feature. It shares the sail-like 
appearance to its compressed test withsome other species of Vaginulina, but this species is 
not only extremely larger but also lacks the ornamentation of longitudinal costae that these 
other, sail-like, Vaginulina species display.  
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Vaginulina subgracilis Cushman, 1937 
 
1931 Vaginulina gracilis Cushman (not Plummer), p. 34, pl. 4, fig. 11. 
1937 Vaginulina subgracilis Cushman, p. 103, pl. 15, fig. 13. 
1946 Vaginulina subgracilis Cushman; Cushman, p. 81, pl. 30, fig. 4. 
 
Diagnosis: The test is elongate, uniserial, and curved, especially in the initial portion. The 
chambers in the early growth stage are cylindrical, twice as wide as high. The sutures in the 
initial phases are very distinct, thickened and raised. In the later portion, the sutures become 
depressed with chambers becoming inflated and globular. The test is slightly compressed. 
 
Remarks: This species is distinctive in having two different stages to the development of 
the test. 
 
Vaginulina taylorana Cushman, 1938 
Plate 27, Figs 9 – 14. 
 
1938 Vaginulina taylorana Cushman, p. 36, pl. 5, fig. 19. 
1944 Vaginulina taylorana Cushman; Cushman & Deaderick, p. 334, pl. 52, fig. 4. 
1946 Vaginulina taylorana Cushman; Cushman, pp.81, 82, pl. 28, figs 28, 29. 
 
Diagnosis: The test is elongate, uniserial and compressed, being an elliptical shape in 
cross-section. The chambers are distinct, increasing greatly in width, but not in height, with 
maturity. The initial portion is curved in one direction with the later portion curved in the 
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opposite direction (although this curvature is only faint). The sutures are very distinctive, 
raised in central portion and thickened to form a ridge/bead like appearance. This ‘bead’ 
becomes larger and more thickened with maturity. The final chamber is somewhat inflated. 
The aperture, which is located at the dorsal angle, is only slightly projecting. 
 
Remarks: Similar, in many ways, to Vaginulina cretacea this species is wider and the 
chambers become increasingly wider with maturity unlike the uniform chambers and more 
slender shape of V. cretacea. 
 
Genus PALMULA Lea, 1833 
 
Type Species; Palmula sagittaria Lea, 1833 
 
Species of Palmula are very large, compressed and highly variable in appearance. The early 
growth stage is typically planispiral and closely coiled. The chambers quickly uncoil to 
form a rectilinear arrangement but the chambers often increase dramatically in width so that 
the large, broad, chambers, become strongly arched or chevron-like covering over much of 
the preceding test, but with minimal overlap. The periphery is usually rhombic in shape but 
may be rounded. Some species also display wall ornamentation through thickened sutures 
and fine nodular protrusions. Species of Palmula are generally distinctive, though some 
species may look similar to enlarged forms of Planularia. 
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Palmula cushmani (Morrow, 1934)  
 
1934 Flabellina cushmani Morrow, p. 194, pl. 29, fig. 25. 
1946 Palmula cushmani (Morrow); Cushman, p. 82, pl. 32, figs 15, 16. 
 
Diagnosis: The test is large and very compressed. It is broadest near the base with the 
chambers increasing greatly with maturity, overlapping the previous chambers creating a 
‘leaf’ shape outline. At the tip of the test, the aperture is located on a small protrusion at the 
very top of the last chamber which is tapering. The chambers are very distinct with slightly 
depressed sutures. The earliest growth stage is coiled but the chambers soon uncoil into the 
distinctive overall shape. The initial portion is preserved as a lobate protrusion from the 
base of test. 
 
Remarks:  This species is characterised by the ‘leaf-like’ shape of the test. It is also 
lacking the ornamentation that identifies some of the other Palmula species. 
 
Palmula suturalis (Cushman, 1935)  
 
1935 Flabellina suturalis Cushman, p. 86, pl. 13, figs 9-18. 
1937 Palmula suturalis (Cushman); Loetterle, p. 28, pl. 3, fig. 5.  
1944 Palmula suturalis (Cushman); Cushman & Deaderick, p. 334, pl. 52, fig. 5.  
1946 Palmula suturalis (Cushman); Cushman, pp. 82, 83, pl. 32, figs 3-14.  
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Diagnosis: The test is large and very compressed, with an overall rhombic shape. The 
earliest portion of the test is coiled, but quickly uncoils to chevron-shaped chambers that 
increase in size with maturity. The aperture is located on a protrusion of the final chamber. 
The is some ornamentation to the sutures in earlier portions, where sutures break apart and 
bifurcate. The sutures are very distinctive, raised and ridge-like. 
 
Remarks: The distinctive, rhombic outline of test is the characteristic feature of this 
species. Cushman (1946, p. 82) gives a long reference list to earlier records of this taxon. 
He indicates that there has been some confusion with Palmula rugosa (d’Orbigny) – now 
well-known as Neoflabellina rugosa in chalk stratigraphy. Heron-Allen & Earland, 
however, were working on Recent material and they would not be looking at Cretaceous 
taxa, while Franke (1925, 1928) was investigating mid-Cretaceous assemblages. The 
reference list presented here is limited to USA-based, Upper Cretaceous, material. 
 
 
Palmula rugosa (D’Orbigny, 1840) Cushman 
Plate 47, Fig. 10. 
 
1840 Flabellina rugosa d’Orbigny, p. 23, pl. 2, figs 4, 5, 7. 
1935 Flabellina rugosa d’Orbigny; Cushman, p. 83, pl. 13, figs 1-6. 
1940 Palmula rugosa (d’Orbigny); Cushman, pl. 20, fig. 8. 
1944 Palmula rugosa (d’Orbigny); Cushman, p. 8, pl. 2, fig. 6. 
1944 Palmula rugosa (d’Orbigny); Cushman & Deaderick, p. 335, pl. 52, fig. 7. 
1946 Palmula rugosa (d’Orbigny); Cushman, pp. 83, 84, pl. 31, figs 9-17. 
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Diagnosis: The test is very compressed, with a small, initial portion that is closely coiled 
but which quickly uncoils into the uniserial portion. The chambers overlap previous 
chambers and increase in width into a chevron shape. There is a uniform height of 
chambers throughout growth. The final chamber tapers, sometimes greatly, to a tip where 
the aperture protrudes. The sutures and chambers are distinct. The sutures are raised and 
slightly thickened into ridges. The smooth wall between the sutures is ‘spotted’ with small, 
raised tubercles. There is often a distinctive ‘circular feature’ in the position of the aperture 
in previous chambers in the centre of the test. 
 
Remarks: The rhombic later portion and the rounded, lobate, initial portion and the wall 
ornamentation are the characteristic features of this species. In Europe, this species is a part 
of a well-known lineage of Neoflabellina species that are used in chalk stratigraphy (Hart et 
al., 1989). The long reference list presented by Cushman (1946, p. 83) illustrates the long 
history of this plexus. There is some variation in the degree of ornamentation from forms 
with faint tubercles, to those with a covering of tubercles and, eventually, a complete 
reticulate pattern. 
Palmula primitiva Cushman, 1939 
 
1938 Palmula simplex Cushman (not Reuss), p. 36, pl. 6, fig. 1. 
1939 Palmula primitiva Cushman, p. 91, pl. 16, figs 4, 5. 
1944 Palmula primitiva Cushman; Cushman & Deaderick, p. 335, pl. 52, fig. 6. 
1946 Palmula primitiva Cushman; Cushman, p. 84, pl. 32, figs 1, 2. 
 
Diagnosis: The test is elongate and much compressed. The initial portion is closely coiled 
but quickly uncoils into a uniserial series of chevron-shaped chambers that do not expand in 
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width like other species of Palmula. The chambers are distinct and the sutures slightly 
depressed. The chambers are more, or less, uniform in shape. There is some faint 
ornamentation of longitudinal ridges that are very slightly raised. This ornamentation is 
more prevelant across the sutures than on the surface of the chambers. 
 
Remarks: The lack of a rapid increase in the width of the chambers, unlike other Palmula 
species, is a characteristic feature of this species.  
 
Palmula pilulata Cushman, 1938 
Plate 29, Figs 4 – 6. 
 
1938 Palmula pilulata Cushman, p. 37, pl. 6, fig. 2. 
1946 Palmula pilulata Cushman; Cushman, pp. 84, 85, pl. 32, figs 18-21. 
 
 
Diagnosis: The test is large and very much compressed. There is a rounded appearance to 
the test outline. The initial portion is closely coiled with only a few chambers. The 
chambers curl around and overlap almost entirely the previous chamber. The central 
portion of the test is ornamented with thickened ridges around the earliest few chambers, 
creating a central boss like appearance. Only the final chambers uncoil to form a series of 
loosely chevron-shaped, overlapping chambers. The sutures are distinct and slightly 
depressed. The test wall is smooth. 
 
Remarks: This is a large species, perhaps similar to Planularia spp., but uncoils 
distinctively into loosely chevron-shaped, overlapping chambers.  
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Palmula jarvisi (Cushman, 1935)  
 
1931 Flabellina interpunctata Cushman & Jarvis (not Von der Marck), p. 38, pl. 12, fig. 1. 
1935 Palmula jarvisi Cushman, p. 85, pl. 13, figs 7, 8. 
1946 Palmula jarvisi Cushman; Cushman, p. 85, pl. 31, figs 18-20. 
 
Diagnosis: The test is elongate and very much compressed. The test outline is ovate in the 
early portion and rhombic in final portion, tapering to a large, rounded, protrusion at the top 
of the final chamber. The earliest portion is very closely coiled but quickly uncoils into a 
uniserial portion. The earliest chambers form a rounded and bulbous lump, which is raised. 
The uniserial portion has rounded, chevron-shaped chambers which gradually increase in 
size with maturity. The sutures and chambers are very distinct. The sutures are raised 
giving a ridge-like appearance. The test surface between the sutures is spotted with many 
raised, small tubercles. The sutures in the central portion of test, where aperture was located 
in earlier chambers, displays a circular pattern. 
 
Remarks: This species is more elongated and highly ornamented than other species of 
Palmula. The large, boss-like, raised ‘lump’ in the earliest growth stage is also a 
distinguishing feature.  
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Genus FRONDICULARIA Defrance, 1826 
 
Type Species; Renulina complanata Defrance in de Blainville, 1824 
 
Species of Frondicularia are flattened and elongated, often forming a rhombic or kite-like 
shape. The sutures are highly arched and chevron-shaped in appearance, and are often 
raised. Some species have distinctive wall ornamentation and varying degrees of 
elongation. Species of Frondicularia often have a small, rounded, globular earliest portion 
that is not flattened. 
 
Frondicularia austinana Cushman, 1936 
 
1936 Frondicularia austinana Cushman, p. 13, pl. 3, figs 12, 13. 
1946 Frondicularia austinana Cushman; Cushman, p. 86, pl. 33, figs 9, 10. 
 
Diagnosis: The test is much compressed, elongate and thin. The overall shape of the test is 
elliptical, with rounded extremities. The test tapers to a point at apertural end and may be 
slightly lobate in the earliest portion. The chambers are distinct, with sutures slightly raised. 
The chambers are ovate and overlap the entirety of the previous chamber. The chambers are 
very slightly increasing in width with maturity and loosely chevron-shaped. There is some 
wall ornamentation, with slightly raised, radiating costae.  
 
Remarks: The very ovate outline to the test is the distinguishing feature of this species, 
when coupled with the wall ornamentation, which is not normally observed in most other 
species of Frondicularia.  
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Frondicularia extensa Morrow, 1934 
 
1934 Frondicularia extensa Morrow, p. 193, pl. 29, fig. 31. 
1946 Frondicularia extensa Morrow; Cushman, p. 86, pl. 34, figs 3, 4. 
 
Diagnosis: The test is small, elongated and very much compressed. There is a roughly 
rhombic outline to the test with chambers appearing distinct. The initial chamber is rounded 
and slightly bulbous. The chambers increase in size gradually with growth and are chevron-
shaped, overlapping the earlier chambers. The final chamber tapers to a point and there is a 
rounded protrusion where the aperture is situated. The test wall is not ornamented and the 
sutures are slightly depressed.  
 
Remarks: This species has a quite similar outline of the test of some Palmula species, but 
does not have the clearly visible, initial coiled phase.  
 
Frondicularia undulosa Cushman, 1936 
 
1936 Frondicularia undulosa Cushman, p. 13, pl. 3, figs 7-11. 
1942 Frondicularia undulosa Cushman; Cushman & Deaderick, p. 60, pl. 13, figs 2, 3. 
1946 Frondicularia undulosa Cushman; Cushman, p. 87, pl. 34, figs 9-13. 
 
Diagnosis: The test is very compressed, elongate and uniserial. The initial chamber is 
rounded, often with a spine at the base. The chevron-shaped chambers then expand rapidly 
initially, but this expansion slows and the sides of test are nearly parallel or gently tapering. 
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The chambers gradually become more lobate at the periphery with maturity and the 
steepness of the chevron angle decreases. The final chamber tapers to point where the 
aperture is located. The chambers are distinct throughout. The sutures are also distinct and 
slightly raised. The sutures break in the centre of test where the aperture was located in 
previous chambers.  
 
Remarks: This species is very elongate and this is the main distinguishing feature. 
 
Frondicularia frankei Cushman, 1936 
 
1860 Frondicularia angusta Reuss (not Nilsson), p. 196, pl. 4, fig. 5. 
1936 Frondicularia frankei Cushman, p. 18, pl. 4, figs 6, 7. 
1944 Frondicularia frankei Cushman; Cushman & Deaderick, p. 335, pl. 52, fig. 10.  
1946 Frondicularia frankei Cushman; Cushman, p. 89, pl. 35, figs 14-16, pl. 36, fig. 1. 
 
Diagnosis: The test is elongate and compressed, tapering gradually to the initial chambers. 
The chambers are indistinct and are picked out by the very distinct, raised sutures. The 
raised sutures are marked by short, stout, vertical costae. The central portion of test is also 
picked out by strongly raised costae. The periphery is marked by a ridge-like 
ornamentation. 
 
Remarks: The surface of this species is distinctively ornamented with costae unlike many 
other species of Frondicularia.  
 
Frondicularia archiaciana d’Orbigny, 1840 
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1840 Frondicularia archiaciana d’Orbigny, p. 20, pl. 1, figs 34-36. 
1859 Frondicularia archiaciana d’Orbigny; Eley, p. 197, pl. 4, fig. 19. 
1931 Frondicularia archiaciana d’Orbigny; Cushman, p. 35, pl. 4, fig. 13a, b. 
1936 Frondicularia archiaciana d’Orbigny; Cushman, p. 19, pl. 4, figs 8-10. 
1946 Frondicularia archiaciana d’Orbigny; Cushman, p. 91, pl. 37, figs 8-20. 
 
Diagnosis: Test very elongated and very much compressed. Initial chamber is large 
rounded bulbous chamber that often has longitudinal ridges running over it. Chambers 
distinct, chevron shaped, tapering to point at top of final chamber with slight protrusion. 
Chambers increase very gradually in width, getting slightly lobate around periphery with 
maturity.Wall smooth. Sutures distinct, slightly raised, break in centre of test. 
 
Remarks: This is a very elongated species, similar to Frondicularia undulosa. However, 
this species has a much larger, rounded, ornamented, initial chamber and is not as lobate 
along the periphery as F. undulosa. This is a well-known species from the chalk facies of 
N. W. Euope and appears to have a cosmopolitan distribution in the Upper Cretaceous. 
 
 
Genus KYPHOPYXA Cushman, 1929 
 
Type Species; Frondicularia christneri Carsey, 1926 
 
Species of Kyphopyxa are distinctly biserial in the initial portion, with some species 
continuing to be biserial throughout the adult portion while others become uniserial with 
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large chevron-shaped chambers in the adult portion. This feature distinguishes species of 
Kyphopyxa species from those placed in Frondicularia. 
 
Kyphopyxa christneri (Carsey, 1926) Cushman 
 
1926 Frondicularia christneri Carsey, p. 41, pl. 6, fig. 7. 
1929 Kyphopyxa christneri (Carsey); Cushman, p. 1, pl. 1, figs 1-7. 
1931 Kyphopyxa christneri (Carsey); Plummer, p. 168, pl. 12, figs 9-19. 
1942 Kyphopyxa christneri (Carsey); Cushman & Deaderick, p. 62, pl. 14, figs 1-7. 
1946 Kyphopyxa christneri (Carsey); Cushman, pp. 92, 93, pl. 38, figs 12-17, pl. 39, figs 1-12. 
 
Diagnosis: The test is much compressed, small, and heart shaped. The test tapers to a point 
at the tip of the ‘heart’ where aperture is located. The chambers are distinct as are the 
sutures. The raised sutures create ridges on the surface of the test. The base of the test is 
broad, often flat. The chambers in the initial portion of the test are overlapping, almost 
biserial, then becoming uniserial, with chevron-shaped chambers overlapping the entire 
test.  
 
Remarks: This species is characterised by a distinctive heart-shaped test with an almost 
biserial initial portion and a later portion formed of uniserial chevron- shaped chambers.  
 
Kyphopyxa undulata Loetterle, 1937 
 
1937 Kyphopyxa undulata Loetterle, p. 30, pl. 4, figs 2, 3. 
1946 Kyphopyxa undulata Loetterle; Cushman, p. 93, pl. 38, figs 10, 11. 
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Diagnosis: The test is very compressed, small, with a rhombic outline. The early portion is 
biserial, later becoming uniserial with distinctive chevron-shaped, almost triangular 
chambers. The sutures are very distinct, being incised and raised. The base of the test is 
slightly rounded. A large protrusion from the top of final chamber contains the aperture at 
the tip. 
 
Remarks: This is a rare and small species, distinguished from Kyphopyxa christneri by the 
more rhombic appearance to the test outline. 
 
Genus LAGENA Walker and Jacob, 1798 
 
Type Species; Serpula (Lagena) sulcata Walker and Jacob in Kanmacher, 1798 
 
Species of Lagena are quite distinctive, being unilocular, globular to ovate with a wall 
ornamentation of longitudinal costae in varying intensities. An elongated neck often 
protrudes from the apex of the chamber and may also be decorated. Some of the species 
included in Lagena may, however, be early chambers of other taxa. Preservation of the 
characteristic features can also be a problem when comparing material from different 
lithologies. One could produce vast reference lists for all of these taxa, though many of the 
entries would probably be erroneous. 
 
Lagena hispida Reuss, 1863 
 
1863 Lagena hispida Reuss, p. 335,  pl. 6, figs 77-79. 
1946 Lagena hispida Reuss; Cushman, pp. 93, 94, pl. 39, fig. 13. 
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Diagnosis: The test is formed of a small, single, rounded, and bulbous chamber. The wall 
structure is very finely spinose. There is a long, very thin, elongate neck that extends from 
the top of the test.  
 
Remarks: This species is quite distinctive with its small single, finely spinose chamber and 
slender, thin neck.  In the original figures (Reuss, 1863, pl. 6, figs 77-79) three 
morphotypes are illustrated, all with the characteristic long, thin neck. The same range of 
morphotypes has been found in the material from the Brazaos River area. 
 
Lagena acuticosta Reuss, 1862 
 
1862 Lagena acuticosta Reuss, p. p. 305, pl. 1, fig. 4. 
1946 Lagena acuticosta Reuss; Cushman, p. 94, pl. 39, figs 14, 15. 
 
Diagnosis: The test is formed of a single, well-rounded, bulbous chamber. The chamber 
tapers slightly towards the base where there is a very small spine. The top of the test tapers 
to a prominent point. There are longitudinal, parallel, raised costae that form the 
ornamentation on the surface of the test.  
 
Remarks: This species is ornamented with distinctive costae. It may, however, be confused 
with juvenile nodosarids. The forms recorded in the Brazos River area are very close, in 
appearance, to that figured by Reuss (1862). 
 
Lagena apiculata (Reuss, 1851) 
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1851 Oolina apiculata Reuss, p. 22, pl. 2, fig. 1. 
1946 Lagena apiculata Reuss; Cushman, p. 94, pl. 39, fig. 23. 
 
Diagnosis: The test is formed of a single, well-rounded chamber. There is a distinctive 
basal spine and the test tapers to the aperture at the top of the test. The test wall is smooth. 
 
Remarks: The smooth wall structure and prominent basal spine are the distinguishing 
features of this species. Initially described as a species of Oolina, the forms in Texas are 
directly comparable with nthe type figure of Reuss (1851). 
 
Lagena sulcata (Walker & Jacob) var. semiinterrupta Berry, in Berry & Kelly, 1929 
 
1929 Lagena sulcata (Walker & Jacob)  var. semiinterrupta  Berry, in Berry & Kelly, p. 5, pl. 3, fig. 19. 
1946 Lagena sulcata (Walker & Jacob) Parker and Jones var. semiinterrupta  Berry, in Berry & Kelly; 
Cushman, p. 94, pl. 39, figs 18-21. 
 
Diagnosis: Test formed of a single, bulbous, rounded chamber that may be elongated. The 
test wall is ornamented by ridge-like, bifurcating costae. The top of the chamber tapers to a 
distinct, slender neck. 
 
Remarks: This species is quite similar to Lagena acuticosta but the neck is more slender 
and distinct. The costae also bifurcate in the centre of the test. 
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Lagena substriata Williamson, 1848 
 
1848 Lagena substriata Williamson, p. 15, pl. 2, fig. 12. 
1946 Lagena substriata Williamson; Cushman, p. 95, pl. 39, fig. 22. 
 
Diagnosis: Test formed of a single chamber that is elongate to oval shaped. The chamber 
tapers to a distinct acute point, which extends out as a slender neck at the top of the test. 
The base of the chamber is more rounded. The test surface is covered in numerous, raised, 
bifurcating costae that run the length of the test. 
 
Remarks: The slender and elongated test, with numerous, raised costae, are the 
distinguishing features of this species. Initially described as a Recent species from the UK, 
it is probable that this Paleocene form will require a new name. The species is, however, 
very rare. 
 
 
Family POLYMORPHINIDAE 
Genus GUTTULINA d’Orbigny, 1839 
 
Type Species; Polymorphina (Guttulina) communis d’Orbigny, 1826 
 
Species of Guttulina are ovatein shape, perhaps becoming elongate with well-defined 
globular chambers and distinct depressed sutures. Guttulina species are often a globular, 
rounded, tear-drop shape with the aperture at the apex of the final, tapering chamber. 
Chambers overlap and are arranged in an almost Quinqueloculina arrangement. The 
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tapering final chamber and the rounded base distinguish this genus from other taxa with a 
similar morphology. Guttulina species differ from Globulina species as the former are more 
bulbous and inflated while the latter have a surface that is more or less smooth surface. 
 
Guttulina trigonula (Reuss, 1845)  
Plate 33, Figs 1 – 16. 
 
1845 Polymorphina trigonula Reuss, p. 40, pl. 13, fig. 84. 
1930 Guttulina trigonula (Reuss); Cushman & Ozawa, p. 28, pl. 4, fig. 2a-c. 
1946 Guttulina trigonula (Reuss); Cushman, pp. 95, 96, pl. 40, figs 6, 7. 
 
Diagnosis: The test is large, spheroidal and well-rounded. The test tapers to a stout point at 
the top, where the aperture is situated. The chambers are distinct, as are sutures, which are 
not depressed or raised. The test is ovate in appearance and may even be almost triangular 
in cross-section. The chambers partially overlap the previous chambers and appear to wrap 
around the test. The test wall is smooth. 
 
Remarks: This species has a smooth wall with chambers flush to the surface of the test and 
not protruding unlike other Guttulina species. 
 
Guttulina adhaerens (Olszewski, 1875)  
Plate 32, Figs 5 – 9. 
 
1875 Polymorphina adhaerens Olszewski, p. 119, pl. 1, fig. 11. 
1930 Guttulina adhaerens (Olszewski); Cushman & Ozawa, p. 36, pl. 1, fig. 9a-c. 
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1931 Guttulina problema Plummer (not d’Orbigny?), p. 173, pl. 13, fig. 1. 
1944 Guttulina adhaerens (Olszewski); Cushman & Deaderick, p. 336, pl. 52, fig. 18. 
1946 Guttulina adhaerens (Olszewski); Cushman, p. 96, pl. 40, figs 8-10. 
 
Diagnosis: The test is large, ovate and tapers gently to a distinct point at the top with a 
rounded base. The chambers are distinct, with an inflated, almost miliolid arrangement, 
overlapping the previous chambers. The earlier chambers are seen protruding out from the 
centre of the test. The test is almost triangular in cross-section but with rounded edges. The 
sutures are distinct and depressed. 
 
Remarks: The chambers are more inflated and bulbous than in Guttulina trigonula and the 
test is more ovate. 
 
Genus GLOBULINA d’Orbigny in de la Sagra, 1839 
 
Type Species; Polymorphina (Globuline) gibba d’Orbigny, 1826 
 
Species of Globulina are globular to ovate, with a circular cross-section. Tests often taper 
to a blunted point at the apex of the final chamber. Chambers are distinct, significantly 
overlapping the previous chambers. The chambers are arranged in a Quinqueloculina-like 
arrangement. The wall is smooth and sutures are oblique and distinct, but flush with the test 
wall. Species of Guttulina have more bulbous and inflated chambers while species of 
Globulina have  sutures that are more, or less, flush forming a smooth test. Species of 
Globulina are also more rounded in cross-section and in outline.  
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Globulina lacrima Reuss, 1845 
Plate 32, Figs 1 – 2; Plate 48, Fig. 2. 
 
1845 Polymorphina (Globulina) lacrima Reuss, p. 40, pl. 12, fig. 6, pl. 13, fig. 83. 
1851 Globulina lacrima Reuss; Reuss, p. 27, pl. 4, fig. 9. 
1899 Polymorphina (Globulina) lacrima Reuss; Egger, p. 125, pl. 17, figs 39, 40. 
1930 Globulina lacrima Reuss; Cushman & Ozawa, p. 77, pl. 19, figs 1, 2. 
1937 Globulina lacrima Reuss; Loetterle, p. 31, pl. 4, fig. 4a, b. 
1943 Globulina lacrima Reuss; Frizzell, p. 348, pl. 56, fig. 27. 
1946 Globulina lacrima Reuss; Cushman, p. 96, pl. 40, figs 11, 12. 
 
Diagnosis: The test is globular, large, well rounded and circular in cross-section. All 
specimens taper gradually to apoint at the top of the test. The chambers are distinct but only 
by virture of the clear sutures which are not depressed or raised. There are few chambers 
that overlap each other while remaining flush to the test wall, which is smooth. 
 
Remarks: This is a large and well-rounded, globular species with chambers that are flush 
to the surface of the test.  Although very close in appearance to G. gibba d’Orbigny (1826), 
Cushman & Ozawa (1930) concluded that most authors have been consistent in describing 
G. lacrima as a Cretaceous species with a produced neck. 
 
Globulina lacrima Reuss var. subsphaerica (Berthelin, 1880) Cushman & Ozawa 
Plate 32, Figs 3 – 4; Plate 48, Fig. 4. 
 
1880 Polymorphina subsphaerica Berthelin, p. 58, pl. 4, fig. 18a, b. 
1930 Globulina lacrima Reuss var. subsphaerica (Berthelin); Cushman & Ozawa, p. 78, pl. 19, figs 5-7. 
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1937 Globulina lacrima Reuss var. subsphaerica (Berthelin); Loetterle, p. 31, pl. 4, fig. 5a, b. 
1940 Globulina lacrima Reuss var. subsphaerica (Berthelin); Tappan, p. 113, pl. 17, fig. 24. 
1946 Globulina lacrima Reuss var. subsphaerica (Berthelin); Cushman, pp. 96, 97, pl. 40, fig. 13. 
1954 Globulina lacrima Reuss var. subsphaerica (Berthelin); Frizzell, p. 104, pl. 14, figs 22a-c, 23. 
 
Diagnosis: The test is globular, large, ovate in cross-section and smooth in test outline. The 
chambers are distinct and inflated, with sutures that are slightly depressed. The chambers 
overlap in a similar arrangement to other species of Globulina.The test tapers at top to stout 
tip where the aperture is located. The test wall is smooth. 
 
Remarks: This species is similar to Globulina lacrima but the chambers are more inflated 
and distinct and more ovate in cross-section.  
 
Globulina prisca Reuss, 1862 
 
1862 Globulina prisca Reuss, p. 79, pl. 9, fig. 8. 
1880 Polymorphina prisca (Reuss); Berthelin, p. 57, pl. 4, figs 20a-b, 21. 
1930 Globulina prisca Reuss; Cushman & Ozawa, p. 73, pl. 12, fig. 6a-c. 
1946 Globulina prisca Reuss; Cushman, p. 97, pl. 40, figs 15-17. 
1948 Globulina prisca Reuss; Ten Dam, pp. 185-186, pl. 32, fig. 15. 
1954 Globulina prisca Reuss; Frizzell, p. 104, pl. 14, fig. 24. 
1965 Globulina prisca Reuss; Neagu, p. 28, pl. 7, figs 3-5. 
1966 Globulina prisca Reuss; Bartenstein, Bettenstaedt & Bolli, p. 158, pl. 3, figs 286-292, 308. 
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Diagnosis: The test is elongate, very ovate and slightly compressed. The chambers are few, 
but distinct, not inflated, and flush with test. The sutures are distinct but not depressed or 
raised. The test wall is smooth. 
 
Remarks: This species is very elongated compared to other species but also does not taper 
to a point like most, if not all, other Globulina and Guttulina species.  
 
 
Family POLYMORPHINIDAE 
Genus PSEUDOPOLYMORPHINA Cushman and Ozawa, 1928 
 
Type Species; Pseudopolymorphina hanzawai Cushman and Ozawa, 1928 
 
Species of Pseudopolymorphina are very similar to species of Guttulina in the juvenile 
form and may be confused with them. However, in more mature specimens, species of 
Pseudopolymorphina rapidly become biserial with narrow, inclined and inflated chambers. 
Species of Pseudopolymorphina can become very large (>2cm in length).  
 
Pseudopolymorphina cuyleri Plummer, 1931 
Plate 32, Figs 10 – 17; Plate 48, Fig. 3. 
 
1931 Pseudopolymorphina cuyleri Plummer, p. 173, pl. 9, figs 18-21. 
1943 Pseudopolymorphina cuyleri Plummer; Cushman & Todd, p. 62, pl. 11, fig. 6a, b. 
1946 Pseudopolymorphina cuyleri Plummer; Cushman, p. 98, pl. 41, figs 2-10. 
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Diagnosis: The test is large and compressed with the juvenile growth stage having a 
rounded base with a gradually tapering top. The chambers are distinct, slightly inflated and 
the sutures distinct, slightly depressed. The chambers quickly become biserial in 
arrangement, with each chamber on top of the other. In the larger, more mature portion of 
the test, the chambers gradually become larger and more inflated. In latest portion, 
chambers become more uniform, becoming parallel along the periphery or lobate. The test 
becomes distinctly biserial in later growth stages.The test wall is smooth. 
 
Remarks: There are differences between the juvenile and adult forms. Juvenile forms are 
similar to Globulina and/or Guttulina but the chambers are distinctly biserial and the test 
compressed. The adult forms are totally distinctive from any other species, can get very 
large (>1 cm). 
 
Genus SIGMOMORPHINA Cushman and Ozawa, 1928 
 
Type Species; Sigmomorpha (Sigmomorphina) yokoyamai Cushman and Ozawa, 1928 
 
The species of Sigmorphina are very similar to those of Guttulina and Globulina species, 
but the former are more elongated and ovate but, more importantly, the sutures of every 
chamber of Sigmomorphina extend to the base of the test, whereas these sutures are 
covered up in Globulina and Guttulina as a result of their overlapping chamber 
arrangement.  
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Sigmomorphina semitecta (Reuss) var. terquemiana (Fornasini, 1902)  
 
1902 Polymorphina amygdaloides Reuss var. terquemiana Fornasini, p. 72, fig. 25. 
1930 Sigmomorphina semitecta (Reuss) var. terquemiana (Fornasini); Cushman & Ozawa, p. 129, pl. 33, figs 
4, 5, pl. 34, figs 2, 3, pl. 35, fig. 1. 
1946 Sigmomorphina semitecta (Reuss) var. terquemiana (Fornasini); Cushman, p. 98, pl. 41, fig. 13. 
 
Diagnosis: The test is very compressed, ovate in outline and in cross-section. The test 
tapers towards the top of the last chamber where the aperture is situated. The chambers are 
distinct, though not inflated. The sutures are distinct, often slightly depressed. The 
chambers overlap one another but all extend down to the base of the test. The test wall is 
smooth. 
 
Remarks: This form appears to be very similar to species of Globulina, although the 
sutures, and the chambers themselves, extend down to the base of the test. In Globulina and 
Guttulina these chambers overlap in a miliolid-like arrangement. 
 
Genus BULLOPORA Quenstedt, 1856 
Type Species; Bullopora rostrata Quenstedt, 1857 
 
Species of Bullopora are very distinctive as they are only found attached to other tests of 
foraminifera or macrofossil debris. Bullopora species have a series of hemispherical 
chambers, often joined by stolon-like tubes. The overall outline appears to be species 
dependent. In very rare cases, specimen of Bullopora have been observed to leave their 
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substrate and change into what would be classified as a species of Ramulina (Hart, pers. 
comm., 2013). 
 
Bullopora laevis (Sollas, 1877)  
 
1877Webbina laevis Sollas, p. 103, pl. 6, figs 1-3, 
1892 Vitriwebbina sollasi Chapman, p. 53, pl. 2, figs 1-3. 
1896 Vitriwebbina sollasi Chapman; Chapman, p. 586, pl. 13, fig. 1. 
1896 Vitriwebbina laevis (Sollas); Chapman, p. 585, pl. 12, fig. 12. 
1932 Bullopora laevis (Sollas); Wickenden, p. 206, pl. 29, figs 6-8. 
1940 Bullopora laevis (Sollas); Tappan, p. 115, pl. 18, fig. 6. 
1946 Bullopora laevis (Sollas); Cushman, pp. 98-99, pl. 42, figs 1-4. 
1954 Vitriwebbina laevis (Sollas); Frizzell, p. 107, pl. 15, fig. 6. 
1962 Bullopora laevis (Sollas); Adams, p. 158, pl. 23, figs 6-8, pl. 24, figs 9-11 (and full synonymy list). 
1965 Vitriwebbina laevis (Sollas); Neagu, p. 28, pl. 7, fig. 13. 
1967 Vitriwebbina laevis (Sollas); Fuchs, p. 322, pl. 16, fig. 6a, b. 
 
Diagnosis: The test is formed of globular, slightly elongated or ovate hemispherical 
chambers that are attached to a substrate or other, larger organism. The wall structure is 
smooth. The chambers are usually arranged in a single series with a stolon-like tubular 
connection between the chambers. Often, the chambers are buttressed up against each other 
with no tube present. The chambers also weave over the host surface and, sometimes, over 
previous chambers.  
 
Remarks: This adherent species is often found covering the surface of some larger 
foraminifera or macro-fossil debris. This species is characterised by the ovate to elongated 
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chambers that may be joined by stolon-like tubes. In rare cases the specimen can form a 
branch, again linked by the stolon-like tubes. 
 
Bullopora tuberculata (Sollas, 1877)  
Plate 47, Fig. 11. 
 
1877 Webbina tuberculata Sollas, p. 104, pl. 6, figs 4-7, 9. 
1896 Vitriwebbina tuberculata (Sollas); Chapman, pp. 586-587, pl. 13, fig. 3. 
1896 Vitriwebbina tuberculata (Sollas); Chapman, p. 332, t.fig. 4. 
1899 Vitriwebbina tuberculata (Sollas); Chapman, p. 315, t.fig. 3. 
1946 Bullopora tuberculata (Sollas); Cushman, p. 99, pl. 42, figs 5-7.  
1962 Bullopora tuberculata (Sollas); Adams, p. 159, pl. 24, figs 12, 14, 15 (and full synonymy list). 
 
Diagnosis: The test is adherent, globular, tapering and hemispherical.There is a series of 
chambers that are loosely arranged and joined together tightly. The chambers are well-
rounded at one end and taper off at other end, to form a tear-drop shape. The wall appears 
to be rough, and perhaps perforate.  
 
Remarks: The chambers in this species are a tear-drop shape compared to the elongate, 
ovate chambers that typify Bullopora laevis. 
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Genus RAMULINA Jones, 1875 
 
Type Species; Ramulina laevis Jones in Wright, 1875 
 
Species of Ramulina species are quite distinctive, commonly consisting of a singular 
globular chamber with rod-like, rounded, tubular protrusions ( or stolons) emanating out of 
this chamber. 
 
Ramulina navarroana Cushman, 1938 
 
1938 Ramulina navarroana Cushman, p. 43, pl. 7, figs 10, 11. 
1946 Ramulina navarroana Cushman; Cushman, p. 99, pl. 43, figs 1, 2. 
 
Diagnosis: The test is formed of a globular, rounded chamber with a few thick, tubular 
projections that radiate out of the chamber. The wall structure of the chamber appears 
rough, and perhaps perforate. The tubular projections have smooth surfaces.  
 
Remarks: The large, rounded, globular chamber is the distinguishing feature of this 
species.  
 
Ramulina aculeata Wright, 1886 
 
1886 Ramulina aculeata Wright, p. 331, pl. 27, fig. 11. 
1946 Ramulina aculeata (d’Orbigny); Cushman, p. 100, pl. 43, figs 11-16. 
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Diagnosis: This highly variable form consists of bulbous, globular chambers with various 
tubular protrusions radiating out from this central chamber. The wall is normally very 
spinose. 
 
Remarks: In the material from the Brazos River area this species is both highly variable 
and rare. Described from the chalk in Northern Ireland the taxonomy of this species is 
complex as it has frequently been confused with a species of the same name described by 
d’Orbigny. The latter form was ‘Senonian’ in age while the species described by Wright 
was, initially, of Cretaceous age.  The species described by d’Orbigny was definitely 
dentaline, with 5 loosely connected chambers. Most workers, finding one or two spinose 
chambers connected by stolons, have used the name aculeata, variously attributing the 
species to Wright or d’Orbigny.This artificial separation has created a problem which, after 
consideration of the type material, Loeblich & Tappan (1949) resolved by declaring that the 
two species were identical. Most have accepted this ruling for what is a generally rare, and 
stratigraphically useless, species. Resolving the literature on this taxon is now almost 
impossible as there is little consistency between workers.  
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Family NONIONIDAE 
Genus NONIONELLA Cushman, 1926 
 
Type species; Nonionella miocenica Cushman, 1926 
 
Species of Nonionella have small, rounded, trochospiral tests. They are often characterised 
by the progressively enlarging of the chambers, particularly the width, with maturity into a 
somewhat flaring test.The degree of this enlargement depends on the species.  
 
 
Nonionella austinana Cushman, 1933 
 
1933 Nonionella austinana Cushman, p. 57, pl. 7, fig. 2a-c. 
1944 Nonionella austinana Cushman; Cushman & Deaderick, p. 336, pl. 52, fig, 19. 
1946 Nonionella austinana Cushman; Cushman, p. 100, pl. 43, figs 18-20. 
 
Diagnosis: The test is comprised of a small, closely coiled, trochospire. The chambers are 
distinct, inflated, with the sutures slightly depressed. There is an almost involute 
arrangement of the chambers. The chambers increase in width very rapidly with maturity, 
and increase very gradually in height. The peripheral margin is very rounded. The wall 
structure is smooth. The aperture is often seen as a thin slit at the base of the inner margin 
of the last formed chamber. 
 
Remarks: This species is characterised by the chambers increasing rapidly with maturity 
and the almost involute, rounded chamber arrangement.  
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Nonionella robusta Plummer, 1931 
 
1926 Nonionina scapha Carsey (not Fitchel & Moll), p. 49, pl. 1, fig. 2. 
1931 Nonionella robusta Plummer, p. 175, pl. 14, fig. 12. 
1939 Nonionella robusta Plummer; Cushman, p. 27, pl. 7, fig. 3a-c. 
1946 Nonionella robusta Plummer; Cushman, pp. 100-101, pl. 43, figs 21-23. 
 
Diagnosis: The test is small, rounded, slightly compressed, and trochospirally coiled. Both 
sides of the test are slightly inflated giving a biconvex appearance. The test is slightly 
ovate, and the periphery rounded. The chambers are distinct, inflated, but becoming slightly 
bulbous in the final chambers. The chambers increase greatly in width with maturity, while 
the height of each chamber remains almost uniform. A small, depressed, central boss is 
often visible in centre of the test. The sutures are distinct, slightly depressed and curved a 
little towards the centre of the test.  
 
Remarks: This species is more evolute than Nonionella austinana and the chambers are 
more numerous and not as wide.  
 
Nonionella cretacea Cushman, 1931 
 
1931 Nonionella cretacea Cushman, p. 42, pl. 7, fig. 2a-c. 
1946 Nonionella cretacea Cushman; Cushman, p. 101, pl. 43, fig. 24. 
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Diagnosis: The test is small, tightly coiled, trochospiral, and very much compressed. The 
peripheral margin is rounded. The numerous chambers increase in width very rapidly with 
maturity, are distinct and involute in arrangement. The sutures are slightly curved and 
depressed. The final chamber may appear more bulbous than the earlier chambers. 
 
Remarks: This species is similar to Nonionella austinana but is much more compressed. 
 
 
Family BOLIVINITIDAE 
Genus BOLIVINITA Cushman, 1927 
 
Type Species; Textilaria quadrilatera Schwager, 1866 
Species of Bolivinita are generally small, biserial and variously ornamented.  
 
Bolivinita (Tappanina) selmensis Cushman, 1933 
 
1933 Bolivinita selmensis Cushman, p. 58, pl. 7, figs 3, 4. 
1946 Bolivinita selmensis Cushman; Cushman, pp.114-115, pl. 49, figs 1-2. 
 
Diagnosis: The test is very small, biserial, gently tapering to point at the base but rounded 
at top. The test has two strongly concave faces and two, smaller convex, rounded sides 
around the periphery. The chambers are very distinct, increasing gradually in size as added, 
although their shape remains uniform. The sutures are distinct and may be slightly raised 
and ridge-like, especially along periphery. The later chambers overlap onto one another 
more and more with growth.  
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Remarks: This is a very small, but distinctive, species as a result of its strongly convex and 
concave faces. Many authors, following Loeblich & Tappan (1964, 1987) prefer to place 
this species in Tappanina. 
 
 
Family EOUVIGERINIDAE 
Genus EOUVIGERINA Cushman, 1926 
 
Type Species; Eouvigerina americana, Cushman, 1926 
 
Species of Eouvigerina have an elongate, stout, triangular ‘V’ shape to the test when 
viewed in outline. Specimens are biserial throughout, becoming loosely biserial in the later 
portion, as if it is tending to becoming uniserial. The wall is perforate and roughed so it 
may appear as though it is finely agglutinated and similar to fine-grained variants of 
Gaudryina or Dorothia.  
 
Eouvigernia americana Cushman, 1926 
 
1929 Eouvigerina cretacea White (not Heron-Allen & Earland), p. 42, pl. 4, fig. 18. 
1926 Eouvigernia americana Cushman, p. 4, pl. 1, fig. 1a-c. 
1946 Eouvigernia americana Cushman; Cushman, p. 115, pl. 49, figs 4, 5. 
 
Diagnosis: The test is elongate, tapering to a fine point at the base, and slightly 
compressed. The earliest chambers are indistinct, biserial, perhaps slightly coiled in the 
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earliest portion. The chambers in the adult portion of the test are very distinct and inflated. 
The peripheral margin of each chamber in the later portion has a strong ridge-like suture 
that curls around the periphery, becoming more and more thickened and ornamented with 
maturity. Chamber faces on both sides are slightly concave. A large, tubular neck, carrying 
the aperture, arises from the top of test. There is usually a distinct rim around the top of the 
tube. 
 
Remarks: This is a very distinctive, well ornamented, species. It resembles E. cretacea 
from the chalk in England. Cushman (1946, p. 115) claims that the American species has 
more angular chambers and that the chambers are more ‘loosely’ put together. 
 
Eouvigerina gracilis Cushman, 1926 
 
1926 Eouvigerina gracilis Cushman, p. 5, pl. 1, fig. 2a-c. 
1944 Eouvigerina gracilis Cushman; Cushman, p. 115, pl. 49, fig. 6. 
 
Diagnosis: The test is elongate and slender, ‘V’ shaped, tapering to a distinct point  at the 
base. The chambers are distinct, slightly inflated and becoming more globular in the later 
portion. The sutures are distinct and depressed, becoming more so in later growth stages. 
The biserial initial phase becomes almost uniserial in the final few chambers. There is a 
tubular neck protruding out of the top of final chamber which has a thickened ridge around 
its top. The surfaces of the chambers have a rough appearance which is, perhaps, finely 
perforate. 
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Remarks: There is a distinctive ‘V’ shape to the test. This, and chamber arrangement, are 
the distinguishing features of this species which is not as ornamented as Eouvigernia 
americana. 
 
Eouvigerinia austinana Cushman, 1933 
 
1933 Eouvigernia austinana Cushman, p. 61, pl. 7, fig. 5a, b. 
1946 Eouvigernia austinana Cushman; Cushman, p. 116, pl. 49, fig. 9. 
 
Diagnosis: The test is very small, rounded, almost ovate, tapering gently in the earliest 
portion but quite rounded at the top of the test. The biserial chambers in the early portion of 
the test may be indistinct. The chambers become more distinct in the later growth stages 
where they appear inflated, slightly bulbous, and gradually increasing in height. The test 
sides are almost parallel or gently tapering. The latest chambers appear to be more uniserial 
in arrangement. A small, tubular neck protrudes out of the final chamber. 
 
Remarks: This species is very much smaller, more rounded and less ornate than other 
species of Eouvigernia. This species can almost be overlooked because of its small size. 
 
Genus PSEUDOUVIGERINA Cushman, 1927 
 
Type Species; Uvigerina cristata Marsson, 1878 
 
Species of Pseudouvigerina are small, sub-pyramidal and triserial in the later portion. The 
test is often ornamented with a strongly perforate surface and longitudinal costae. The 
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arrangement and strength of the surface ornamentation is used to differentiate species from 
one another. 
 
Pseudouvigerina plummerae Cushman, 1927 
Plate 38, Figs 1 – 34; Plate 47, Figs 1 – 2. 
 
1927 Pseudouvigerina plummerae Cushman, p. 115, pl. 23, fig. 8a, b. 
1944 Pseudouvigerina plummerae Cushman; Cushman & Deaderick, p. 337, pl. 53, fig. 4. 
1946 Pseudouvigerina plummerae Cushman; Cushman, pp. 116-117, pl. 49, figs 14-16. 
 
Diagnosis: The test is small, elongate with the earliest chambers indistinct. Chambers 
arranged in a loose, triserial pattern in the later portion. Chamber arrangement may be 
obscured by large, inflated, bulbous chambers that overlap one another. The chambers are 
very distinct, gradually increasing in size and inflation with maturity. The chamber walls 
are crenulated with enlarged perforate nodes that are orientated in distinct, longitudinal 
lines across the entire test. The chamber surface between these margins is roughened and 
finely perforate. The peripheral outline is lobate while the final chamber tapers to a blunted 
point at the apex of the chamber. The sutures are very depressed, almost incised in the final 
portion of the test. The aperture is terminal and circular 
 
Remarks: Although the chamber arrangement is similar to that of other species of 
Pseudouvigerina, the distinct, strongly decorative, wall ornamentation is unique to this 
species and this is the distinguishing feature. 
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Pseudouvigerina cretacea Cushman, 1931 
Plate 37, Figs 1 – 18. 
 
1931 Pseudouvigerina cretacea Cushman, p. 46, pl. 7, figs 14a-c. 
1946 Pseudouvigerina cretacea Cushman; Cushman, p. 117, pl. 49, figs 17-20. 
 
Diagnosis: The test is elongate, stout, tapering to a blunted point in the earliest portion, 
later becoming more rounded. The chambers are very distinct, inflated, and quite globular 
in the final portion, giving the test a lobate appearance. The later growth stage is distinctly 
triserial but arrangement is indistinct in the initial portion, perhaps biserial (?). The sutures 
are distinct throughout, depressed and thin. The chamber walls are roughened, probably 
micro-perforate, but this is not observable with a light microscope.  A short, rounded neck 
arises from the apex of the final chamber. There is a slightly developed neck around the 
aperture. 
 
Remarks: This species has a similar chamber arrangement to Pseudouvigerina plummerae 
but lacks the distinctive wall ornamentation. There is also a more pronounced, rounded 
neck at the top of the final chamber. Cushman (1946) indicates that this species is coarsely 
perforate, but this was not observed in this study. 
 
Pseudouvigerina seligi (Cushman, 1925) 
Plate 37, Figs 19 – 29; Plate 47, Fig. 3. 
 
1925 Uvigerina seligi Cushman, p. 1, pl. 4, fig. 1a-c. 
1931 Uvigerina seligi Cushman; Plummer, p. 186, pl. 14, fig. 10. 
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1943 Pseudouvigerina seligi (Cushman); Cushman & Todd, p. 65, pl. 11, fig. 19. 
1946 Pseudouvigerina seligi (Cushman); Cushman, p. 117, pl. 49, figs 21-24. 
 
Diagnosis: The test is small, elongate, slender, and tapering to a blunted point at the base. 
The chambers in the initial portion are indistinct, perhaps triserial. Chambers in later 
growth stages becoming biserial, and may even to become uniserial in the later portion. The 
chambers are very distinct in the later growth stages, overlapping each other and becoming 
more globular and inflated with maturity. The sutures are incised and, combined with the 
overlapping chamber arrangement, create an overhang beneath each chamber. The final 
chamber has a distinct, rounded, tubular neck that protrudes from the apex of the final 
chamber. The terminal aperture has a phialine lip. The wall is finely ornamented with 
longitudinal costae, small spinose projections and perforate nodes. The wall is roughened in 
the intermediate areas, probably micro-perforate.  
 
Remarks: This species may, at first, be confused with Pseudiuvigerina plummerae. 
However, Pseudouvigerina seligi is smaller, more lightly ornamented and has a distinct 
large tubular neck protruding from the apex of the final chamber.  
 
Genus SIPHOGENERINOIDES Cushman, 1927 
 
Type Species; Siphogenerina plummerae Cushman, 1927 
 
Species of Sipogenerina are usually small, elongated, and slender. Their chambers are 
biserial in the initial growth stage, becoming uniserial and reticlinear in the later stages. 
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Siphogenerinoides plummeri (Cushman, 1926)  
 
1926 Siphogenerina plummeri Cushman, p. 18,  
1926 Siphogenerina plummeri Cushman; Cushman, p. 15, pl. 1, fig. 7a-c. 
1927 Siphogenerinoides plummeri (Cushman); Cushman, p. 63, pl. 13, fig. 16. 
1931 Siphogenerinoides plummeri (Cushman); Plummer, p. 183, pl. 9,figs 1-6. 
1946 Siphogenerinoides plummeri (Cushman); Cushman, pp. 117-118, pl. 50, fig. 1. 
 
Diagnosis: The test is elongate, gently tapering and rounded at both ends. The greatest 
width is developed by the last-formed chamber. The chambers are distinct, thin, but 
cylindrical and generally uniform in shape.The wall is ornamented by numerous, thickened 
longitudinal costae that run parallel from the base to final chamber where they fade near the 
very top. There are, occasionally, short costae between the longer ones. The areas between 
the ridges are strongly convex. The sutures are distinct, slightly depressed and convex 
between the longitudinal ridges but do not break them. The aperture is terminal, on a 
tubular, small neck that protrudes slightly from the top of final chamber. The wall appears 
rough and may be very finely spinose. 
 
Remarks: This is a small, distinctive species of Siphogenerinoides that is differentiated 
from other species by the gently tapering, almost parallel sides to the test, roughed wall 
structure and distinctive final chamber.  
 
Siphogenerinoides cretacea Cushman, 1929 
 
1929 Siphogenerinoides cretacea Cushman, p. 58, pl. 9, figs 14, 15. 
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1943 Siphogenerinoides cretacea Cushman; Frizzell, p. 349, pl. 56, fig. 28. 
1946 Siphogenerinoides cretacea Cushman; Cushman, p. 118, pl. 50, figs 2, 3. 
 
Diagnosis: The test is elongate, quite large, with a well-rounded, semi-circular final 
chamber. The test is gently tapering to the rounded base. The chambers in the initial portion 
are rather indistinct, but becoming more distinct with maturity. The uniserial chambers may 
be slightly flattened although the overall shape is cylindrical and gently increasing in size 
with maturity, possibly becoming slightly inflated in the latest portion. The test wall is 
faintly ornamented with slightly raised longitudinal costae, which may bifurcate in the 
initial stages. The costae are very faint or absent on the final chambers. The sutures are 
distinct and straight. The aperture is located on a short, cylindrical neck and is surrounded 
by a slight neck. 
 
Remarks: This is the largest species of Siphogenerinoides recorded in the Brazos River 
area. The test ornamentation, though reduced, is still very obvious. 
 
Genus SIPHOGENERINOIDES Cushman, 1927 
 
Type Species; Siphogenerina plummerae Cushman, 1927 
 
Species of Sipogenerina are usually small, elongated, and slender. Their chambers are 
biserial in the initial growth stage, becoming uniserial and reticlinear in the later stages. 
 
Siphogenerinoides plummeri (Cushman, 1926)  
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1926 Siphogenerina plummeri Cushman, p. 18,  
1926 Siphogenerina plummeri Cushman; Cushman, p. 15, pl. 1, fig. 7a-c. 
1927 Siphogenerinoides plummeri (Cushman); Cushman, p. 63, pl. 13, fig. 16. 
1931 Siphogenerinoides plummeri (Cushman); Plummer, p. 183, pl. 9,figs 1-6. 
1946 Siphogenerinoides plummeri (Cushman); Cushman, pp. 117-118, pl. 50, fig. 1. 
 
Diagnosis: The test is elongate, gently tapering and rounded at both ends. The greatest 
width is developed by the last-formed chamber. The chambers are distinct, thin, but 
cylindrical and generally uniform in shape. The wall is ornamented by numerous, thickened 
longitudinal costae that run parallel from the base to final chamber where they fade near the 
very top. There are, occasionally, short costae between the longer ones. The areas between 
the ridges are strongly convex. The sutures are distinct, slightly depressed and convex 
between the longitudinal ridges but do not break them. The aperture is terminal, on a 
tubular, small neck that protrudes slightly from the top of final chamber. The wall appears 
rough and may be very finely spinose. 
 
Remarks: This is a small, distinctive species of Siphogenerinoides that is differentiated 
from other species by the gently tapering, almost parallel sides to the test, roughed wall 
structure and distinctive final chamber.  
 
Siphogenerinoides cretacea Cushman, 1929 
 
1929 Siphogenerinoides cretacea Cushman, p. 58, pl. 9, figs 14, 15. 
1943 Siphogenerinoides cretacea Cushman; Frizzell, p. 349, pl. 56, fig. 28. 
1946 Siphogenerinoides cretacea Cushman; Cushman, p. 118, pl. 50, figs 2, 3. 
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Diagnosis: The test is elongate, quite large, with a well-rounded, semi-circular final 
chamber. The test is gently tapering to the rounded base. The chambers in the initial portion 
are rather indistinct, but becoming more distinct with maturity. The uniserial chambers may 
be slightly flattened although the overall shape is cylindrical and gently increasing in size 
with maturity, possibly becoming slightly inflated in the latest portion. The test wall is 
faintly ornamented with slightly raised longitudinal costae, which may bifurcate in the 
initial stages. The costae are very faint or absent on the final chambers. The sutures are 
distinct and straight. The aperture is located on a short, cylindrical neck and is surrounded 
by a slight neck. 
 
Remarks: This is the largest species of Siphogenerinoides recorded in the Brazos River 
area. The test ornamentation, though reduced, is still very obvious. 
 
Siphogenerinoides bramlettei Cushman, 1929 
 
1929 Siphogenerinoides bramlettei Cushman, p. 56, pl. 9, figs 5, 6. 
1946 Siphogenerinoides bramlettei Cushman; Cushman, p. 118, pl. 50, figs 4, 5. 
 
Diagnosis: The test is small, slender and elongated, tapering gently to a rounded point at 
the base. The chambers are numerous and distinct with the last chamber forming a rounded 
top to the test. The chambers are thin, cylindrical and uniform in shape throughout the test, 
gently increasing in size with maturity. The wall is strongly ornamented by thickened 
longitudinal costae that emanate from the base of the test and extend to the bottom of the 
final chamber. The chamber surfaces between these very obvious and strong costae are 
strongly concave. The sutures are distinct, concave and slightly depressed in the areas 
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between the costae. The aperture is rounded with no neck and only a faint trace of a 
surrounding lip. 
 
Remarks: This species is more strongly ornamented than other species of the 
Siphogenerinoides. The most distinguishing feature is that the thickened costae stop 
abruptly at the base of the final chamber and do not continue onto the top of the final 
chamber. There is also no protruding, tubular neck unlike many other species of 
Siphogenerinoides. 
 
 
Family BULIMINIDAE 
Genus BULIMINELLA Cushman, 1911 
 
Type Species; Bulimina elegantissima d’Orbigny, 1839  
 
Species of Buliminella are elongate and tapering, with numerous chambers in a coiled 
arrangment to the final chamber. The genus differs from Bulimina as a result of this 
chamber arragment and in that the chambers are generally more inflated than species of 
Bulimina. 
 
Buliminella (Sitella) fabilis Cushman & Parker, 1936 
 
1936 Buliminella fabilis Cushman & Parker, p. 7, pl. 2, fig. 5a-c. 
1946 Buliminella fabilis Cushman & Parker; Cushman, p. 119, pl. 50, fig. 13. 
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Diagnosis: The test is small, elongate and gently tapering to a rounded point at the base. 
There are numerous chambers in intial portion, rapidly increasing in size in later portion 
where they are slightly inflated. There are 4–5 whorls of chambers with the last-formed 
whorl occupying two-thirds of the test. The sutures are distinct and slightly depressed. The 
aperture is visible on the inner margin of the final chamber as a small loop-shaped opening. 
Approximately twice as long as broad. Wall smooth and opaque. 
 
Remarks: This species is very uniform in shape and slender. There is no significant 
inflation of the final chambers like other species of Buliminella. It differs from B. vitrea in 
having a more slender test and less curved sutures. 
 
Buliminella vitrea Cushman & Parker, 1936 
 
1936 Buliminella vitrea Cushman & Parker, p. 7, pl. 2, fig. 4a-c. 
1946 Buliminella vitrea Cushman & Parker; Cushman, p. 119, pl. 50, fig. 14. 
 
Diagnosis: The test is small, ovate, slightly tapering towards base but not to a point as both 
ends of the test are well rounded. There are numerous distinctive chambers, arranged in 3–4 
whorls, which inflate significantly with maturity. The sutures are distinct, curved and very 
depressed. The wall appears coarsely perforate. The aperture is a small, comma-shaped, 
loop at the base of the final chamber.  
 
Remarks: This species differs from B. fabilis by having more curved and depressed 
sutures. The test is not so tapering and the final few chambers are more inflated.  
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Buliminella carseyae Plummer, 1931 
Plate 36, Figs 1 – 13. 
 
1926 Bulimina compressa Carsey (not Bailey), p. 29, pl. 4, fig. 14. 
1931 Buliminella carseyae Plummer, p. 179, pl. 8, fig. 7. 
1937 Buliminella carseyae Plummer; Loetterle, p. 37, pl. 5, fig. 10a, b. 
1944 Buliminella carseyae Plummer; Cushman, p. 12, pl. 2, fig. 24. 
1946 Buliminella carseyae Plummer; Cushman, pp. 119-120, pl. 50, figs 17-20. 
 
Diagnosis: The test is large, well rounded at the top and tapering uniformly to a blunt point 
at base, creating a ‘V-shape’ outline to the test. The chambers are numerous and distinct, 
inflated throughout, and becoming more inflated in the later growth stages. The sutures are 
distinctive, depressed at an angle to the axis of elongation. The aperture is small, but 
distinctive, comma-shaped and sitting in a prominent depression in the apertural face.   
 
Remarks: This species is characterised by a quite a distinctive ‘V-shape’ to the test and 
can also be quite elongated. The chambers appear to be inflated throughout the test. 
 
Genus BULIMINA d’Orbigny, 1826 
 
Type Species; Bulimina marginata d’Orbigny, 1826 
 
Species of Bulimina are elongate and taper to a blunted point at the base. The chambers are 
arranged in a triserial coil, with later chambers becoming more centred as they inflate and 
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become more rounded, as if tending to become uniserial.  There is a quite different chamber 
arrangement from that of species of Buliminella. 
 
Bulimina (Praebulimina) reussi Morrow, 1934 
Plate 35, Figs 1 – 14. 
 
1845 Bulimina ovulum Reuss (not d’Orbigny), pl. 8, fig. 57, pl. 13, fig. 73. 
1931 Bulimina  brevis Cushman (not d’Orbigny), p. 40, pl. 5, fig. 9a-c. 
1931Bulimina murchisoniana Cushman (not d’Orbigny), p. 309, pl. 35, fig. 14a, b. 
1934 Bulimina reussi Morrow, p. 195, pl. 29, fig. 12. 
1935 Bulimina reussi Morrow; Cushman & Parker, p. 99, pl. 15, figs 8, 10 
1943 Bulimina reussi Morrow; Frizzell, p. 350, pl. 57, fig. 2. 
1944 Bulimina reussi Morrow; Cushman & Deaderick, p. 337, pl. 53, fig. 6. 
1946 Bulimina reussi Morrow, Cushman, pp. 120-121, pl. 51, figs 1-5. 
 
Diagnosis: The test is small, quite ovate and globular, tapering sharply to a distinct point at 
base of test. The top of the test is rounded. The numerous chambers are triserial throughout, 
rather indistinct in the early portion. The widest part of the test is above the mid-point. The 
final few chambers become very inflated and bulbous, almost dwarfing the earlier 
chambers. The sutures are distinct and slightly depressed. The wall is smooth and opaque 
and finely perforate. The small aperture is sub-terminal. 
 
Remarks: The distinctly inflated final few chambers and the sharply tapering test in the 
early portion are the distinguishing features of this species. There is a complex history to 
the definition of this species, partly caused by the early definitions of taxa from the chalk of 
the Paris Basin by Alcide d’Orbigny. 
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Bulimina aspera Cushman & Parker, 1940 
Plate 34, Figs 1 – 12; Plate 47, Figs 5, 6. 
 
1940 Bulimina aspera Cushman & Parker, p. 44, pl. 8, figs 18, 19. 
1943 Bulimina aspera Cushman & Parker; Frizzell 
1946 Bulimina aspera Cushman & Parker; Cushman, pp. 121-122, pl. 51, figs 7, 10, 13, 15, 16. 
 
Diagnosis: The test is very ovate, being about twice as long as it is wide. The initial portion 
is bluntly pointed or well rounded, with the test walls parallel or even tapering in some 
specimens. The chambers are quite large throughout, bulbous, and often slightly inflated in 
the later portion. The sutures are distinct and slightly depressed. The wall is often coarsely 
perforate in the initial portion. The aperture is an elongate, slit-like, opening near the top of 
the final chamber. 
 
Remarks: This is quite a variable species, being a range of morphotypes from very ovate to 
gently tapering. There is often a roughened, perforate, initial portion which is a 
characteristic feature. There is, again, some confusion over the comparability of this species 
with taxa (e.g., B. obtusa, B. pupoides and B. elongata) defined by Alcide d’Orbigny from 
the chalk of the Paris Basin. 
 
Bulimina (Pyramidina) prolixa Cushman & Parker, 1935 
 
1931 Bulimina puschi Cushman (not Reuss), p. 47, pl. 7, fig. 19a, b. 
1935 Bulimina prolixa Cushman & Parker, p. 98, pl. 15, fig. 5a, b. 
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1944 Bulimina prolixa Cushman & Parker; Cushman & Deaderick, p. 337, pl. 53, fig. 8. 
1946 Bulimina prolixa Cushman & Parker; Cushman, p. 122, pl. 51, figs 19-22. 
 
Diagnosis: The test is long and slender, rounded at the top and gently tapering to a blunted 
point at the base. The test is triangular in cross-section due to the triserial arrangement of 
chambers, which may be twisted on its axis. The chambers are distinct, inflated, rounded 
and uniform in shape throughout the test. The chambers become slightly more rounded in 
the final portion. The wall is coarsely perforate. The aperture is visible as an elongate, 
rounded, opening on the inner margin of the final chamber. 
 
Remarks: This species is distinctively triserial throughout, giving the test a triangular 
cross-section. The test is also rather long and narrow. The 6–7 whorls appear over each 
other, with adjoining series meeting in a zig-zag line. 
 
Bulimina triangularis Cushman & Parker, 1935 
 
1935 Bulimina triangularis Cushman & Parker, p. 97, pl. 15, fig. 4a, b. 
1944 Bulimina triangularis Cushman & Parker; Cushman, p. 93, pl. 14, fig. 11. 
1946 Bulimina triangularis Cushman & Parker; Cushman, p. 122, pl. 51, fig. 23. 
 
Diagnosis: The test is small and stout. The chambers are indistinct, arranged in 5(?) whorls 
and probably triserial. The sutures are also rather indistinct.  The bottom half of the test is 
covered in short, irregular costae, which sometimes become somewhat spinose in 
appearance.  The wall structure is perforate.  The aperture is rounded and loop-shaped on 
the inner margin of final chamber.  
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Remarks: The ornamentation and the distinctive, triangular, cross-section of the test are 
the distinguishing features of this species.  
 
Bulimina (Praebulimina) kickapooensis Cole, 1938 
 
1938 Bulimina kickapooensis Cole, p. 45, pl. 3, fig. 5. 
1944 Bulimina kickapooensis Cole; Cushman & Deaderick, p. 337, pl. 53, fig. 7. 
1946 Bulimina kickapooensis Cole; Cushman, p. 123, pl. 51, figs 11, 12, 14. 
 
Diagnosis: The test is large, elongate, slightly tapering to a blunted point at the base. The 
numerous, distinctive chambers are inflated throughout, becoming even more inflated, 
maybe even bulbous, in the later growth stages. The sutures are distinct and slightly 
depressed. The peripheral margin is lobate outline as a result of the inflated chambers. The 
aperture is a long, loop-shaped opening at the apex of the test. 
 
Remarks:  The inflated chambers throughout the test, and the bluntly pointed or rounded 
base, are the characteristic features of this species. As indicated by Cushman (1946, p. 123) 
there is, again, some confusion with species (e.g., B. elegans, B. obtusa) described by 
Alcide d’Orbigny from the chalk of the Paris Basin. 
 
Bulimina taylorensis Cushman & Parker, 1935 
 
1935 Bulimina taylorensis Cushman & Parker, p. 96, pl. 15, fig. 3a, b. 
1946 Bulimina taylorensis Cushman & Parker; Cushman, pp. 123-124, pl. 52, figs 1, 2. 
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Diagnosis: The test is small, elongate, tapering rapidly to a point at the base but rounded at 
the top of the test. The chambers are distinct and numerous, arranged in 4–5 whorls. The 
sutures are very distinct, deep, undercutting the following chamber, causing the chambers 
to jut out creating an almost serrated profile. The surfaces of the chambers is ornamented 
with thickened, irregular ridges that are well-spaced. Small spines may be present at the 
base of test. The aperture is an elongate, loop-shaped opening with a distinct lip.  
 
Remarks:  The ornamented appearance and the deep sutures are the distinguishing feature 
of this species.  
 
 
Bulimina mendezensis White, 1929 
 
1929 Bulimina mendezensis White, p. 48, pl. 5, fig. 9a, b. 
1946 Bulimina mendezensis White; Cushman, p. 124, pl. 52, fig. 6. 
 
Diagnosis: The test is large, bulbous, ovate and slightly irregular. The chambers are 
enlarged, with the final few chambers very large and inflated. Despite the presence of such 
inflated chambers the test retains its ovate outline. The aperture is in a deep slit at the apex 
of final chamber. The test wall appears roughened. 
 
Remarks: This is a particularly rare species that is characterised by the inflated, almost 
bulbous chambers. 
 
  Chapter 5 - Taxonomy 
228 
 
Genus NEOBULIMINA Cushman & Wickenden, 1928 
 
Type Species; Neobulimina canadensis Cushman & Wickenden, 1928 
 
Species of Neobulimina are distinctly triserial in the early portion and become biserial in 
the later portion. This separates this genus from species of Bulimina and Buliminella.  
 
Neobulimina canadensis Cushman & Wickenden, 1928 
 
1928 Neobulimina canadensis Cushman & Wickenden, p. 13, pl. 1, figs 1, 2.  
1936 Neobulimina canadensis Cushman & Wickenden; Cushman & Parker, p. 9, pl. 2, figs 9, 10. 
1943 Neobulimina canadensis Cushman & Wickenden; Frizzell, p. 350, pl. 57, fig. 3. 
1944 Neobulimina canadensis Cushman & Wickenden; Cushman & Deaderick, p. 337, pl. 53, figs 9, 10. 
1946 Neobulimina canadensis Cushman & Wickenden; Cushman, p. 125, pl. 52, figs 11, 12. 
 
Diagnosis: The test is elongate, tapering to a blunt point at the base. The numerous 
chambers in the early growth stage are distinctly triseriel, later 4–6 chambers appear 
biserial, becoming globular or inflated. In some specimens the axis of the test tends to 
curve, giving an asymmetrical profile. The aperture is a distinct elongated loop, located in a 
depression on the inner margin of final chamber. 
 
Remarks: The irregular chamber arrangement and test outline distinguish this species from 
other Neobulimina. 
 
Neobulimina spinosa Cushman & Parker, 1936 
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1936 Neobulimina spinosa Cushman & Parker, p. 9, pl. 2, fig. 11a, b. 
1946 Neobulimina spinosa Cushman & Parker; Cushman, p. 126, pl. 52, fig. 14. 
 
Diagnosis: The test is small, ovate, and almost elliptical in shape. The test is widest in the 
mid-section. The chambers are distinct, not inflated, giving an almost flush test outline. The 
sutures are slightly depressed, which allows identification of the later, biserial chamber 
arrangement. The aperture is at the apex of the final chamber. The initial portion of the test 
is heavily spinose and perhaps perforate. There may be small spines at the base of the test. 
 
Remarks: This species is characterised by its small size and the distinctive, prominent 
ornamentation on the initial portion of the test.  
 
Genus ENTOSOLENIA Ehrenberg, 1848 
 
Type Species; Entosolenia lineata Williamson, 1848 
 
Species of Entosolenia are charaterised by the presence of an internal, entosolenian tube 
which may, or may not, be visible in exterior view. The presence of a distinctive apertural 
ornamentation is often used as a guide for identification purposes. 
 
Entosolenia (Palliolatella) orbignyana (Seguenza, 1862)  
 
1862 Fissurina (Fissurine) orbignyana Seguenza, p. 66, pl. 2, figs 25-26. 
1946 Entosolenia orbignyana (Seguenza); Cushman, p. 126, pl. 52, figs 16-19. 
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Diagnosis: The test is discoidal, small, and compressed, composed of a single chamber. 
There are thickened ridges or flanges that ornament the margins of the single chamber 
forming a series of keel-like features. The peripheral margin is rounded, slightly tapering at 
the top of test. The test wall is usually smooth, but may have a number of faint costae. The 
top of the test has a tubular neck with a lip around the rounded aperture. 
 
Remarks: This species, despite its variable morphology, is very distinctive. It may have 
some ridges across the chamber body but, more often than not, the test surface is smooth. 
Initially described from the Upper Miocene of Sicilly, the characteristic appearance of this 
species appears to have remained un-changed for most of the Cenozoic.  
 
Genus VIRGULINA d’Orbigny, 1826 
 
Type Species; Virgulina squammosa d’Orbigny, 1826 
 
Species of Virgulina are charaterised by a long, slender, elongated test with a biserial 
chamber arrangement throughout. The chambers vary in shape between being unifrom in 
shape or greatly inflated. The large, comma-shaped aperture in a large depression, offset 
from the top of the last chamber. 
 
Virgulina tegulata Reuss, 1845 
 
1845 Virgulina tegulata Reuss, p. 40, pl. 13, fig. 81.  
1937 Virgulina tegulata Reuss; Cushman, p. 4, pl. 1, figs 8-12. 
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1944 Virgulina tegulata Reuss ; Cushman & Deaderick, p. 338, pl. 53, fig. 11. 
1946 Virgulina tegulata Reuss; Cushman, p. 126, pl. 53, figs 1-4. 
 
Diagnosis: The test is slender, elongate, compressed and gently tapering to a blunted point 
at the base of the test. The test is almost symmetrical in shape. The chambers are distinct, 
slightly inflated in a biserial arrangement. The chambers become gently inflated with 
maturity but retain a uniform shape. Where the chambers join, in the centre of the test, there 
is a zig-zag pattern that extends up the length of the test. The sutures are distinct and 
slightly depressed. The wall is smooth, often with a brown colouration. The aperture is 
narrow, elongate, extending from the inner margin of the last chamber to almost the apex of 
the test. 
 
Remarks: This is a small species with chambers of uniform appearance. The test is 
distinctly biserial and almost symmetrical.  
 
Virgulina navarroana Cushman, 1933 
 
1933 Virgulina navarroana Cushman, p. 63, pl. 7, figs 9, 10. 
1946 Virgulina navarroana Cushman; Cushman, pp. 126-127, pl. 53, figs 5-7. 
 
Diagnosis: The test is elongate, tapering to a point at the base and rounded at the top. There 
may be a spine at the base of the earliest chamber. The chambers are distinct, inflated – 
almost globular – becoming even more so with maturity. The early chambers may have a 
slightly irregular arrangement in the initial growth stages but then become distinctly biserial 
in the adult portion. The aperture is elliptical or comma-shaped. 
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Remarks: Differs from Virgulina tegulata by having an irregular chamber arrangement 
and a less distinctive biserial chamber arrangement.  
 
Genus BOLIVINA d’Orbigny, 1839 
 
Type Species; Bolivina plicata d’Orbigny, 1839 
 
Species of Bolivina are distinctly biserial throughout, with chambers increasing gradually 
with maturity. Specimens are often triangular or rhombic in outline, occasionally tending to 
an ovate shape where the margins are sub-parallel and the top and bottom are more 
rounded. Bolivina species are differentiated from one another by the outline and chamber 
shape. Occasionally the wall may be slightly ornamented by thin costae and faintly 
perforate. 
 
Bolivina (Coryphostoma) incrassata Reuss, 1851 
Plate 47, Figs 7, 8. 
 
1851 Bolivina incrassata Reuss, p. 29, pl. 4, fig. 13. 
1861 Bolivina incrassata Reuss; Reuss, p. 332. 
1899 Bolivina incrassata Reuss; Egger, p. 45, pl. 16, figs 4, 5. 
1925 Bolivina incrassata Reuss; Franke, p. 21, pl. 2, fig. 8. 
1926 Bolivina incrassata Reuss; Cushman, p. 19, pl. 2, fig. 1a, b. 
1932 Bolivina incrassata Reuss; Macfadyen, pl. 35, fig. 19a, b. 
1944 Bolivina incrassata Reuss; Cushman and Deaderick, p. 338, pl. 53, fig. 12. 
1946 Bolivina incrassata Reuss; Cushman, p. 127, pl. 53, figs 8-11. 
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Diagnosis: The test is large, stout, and compressed, tapering to a rounded base. The 
apertural end of the test tapers quickly to a rather blunt end. The chambers are distinct, 
elongated (about three times longer than high), slightly inflated, perhaps becoming more 
inflated with maturity. The chambers are numerous, in an overlapping, biserial 
arrangement. The sutures are very distinct, thickened but depressed in an oblique 
arrangement. There is a distinctive zig-zag pattern in the centre of test where the chambers 
overlap. The periphery is rounded. The aperture is elongated, on the inner margin of final 
chamber. 
 
Remarks: This is one of the most distinctive species in the Maastrichtian with a simple 
appearance that distinguishes it from other, more ornamented species. The thickened, 
depressed sutures are also a characteristic feature.  
 
Bolivina  (Coryphostoma) decurrens (Ehrenberg, 1854)  
 
1854 Grammostomum? Decurrens Ehrenberg, pl. 30, fig. 17. 
1878 Bolivina decurrens (Ehrenberg); Marsson, p. 156, pl. 3, fig. 24. 
1899 Bolivina decurrens (Ehrenberg); Egger, p. 46, pl. 16, figs 17, 18. 
1925 Bolivina decurrens (Ehrenberg); Franke, p. 20, pl. 2, fig. 6. 
1927 Bolivina decurrens (Ehrenberg); Cushman, p. 88, pl. 12, fig. 4.  
1946 Bolivina decurrens (Ehrenberg); Cushman, pp. 127-128, pl. 53, figs 12, 13. 
 
Diagnosis: The test is elongate, compressed, tapering to a blunted point at the base. The 
apertural end of the test is acutely angled and tapers quickly to a rounded top. The 
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chambers are distinctive, biserial, elongated and obliquely angled to the direction of 
growth. The chambers are slightly inflated, with distinct, slightly depressed, sutures. The 
chambers overlap slightly on the periphery creating a serrated outline. 
 
Remarks: The serrated outline of the periphery is the distinguishing feature of this species. 
 
Bolivina cretosa Cushman, 1936 
 
1936 Bolivina cretosa Cushman, p. 49, pl. 7, fig. 10. 
1946 Bolivina cretosa Cushman; Cushman, p. 128, pl. 53, figs 14-17. 
 
Diagnosis: The test is small, compressed and kite-shaped. The widest part of the test is 
about two-thirds distance from the initial, sharply pointed proloculus. The upper portion of 
the test tapers to a rounded point at the apex. The chambers are distinct, elongated, 
becoming more elongated slowly with maturity. Chambers are uniform in shape, and 
slightly inflated. The sutures are oblique, distinct, and slightly depressed. The aperture is 
narrow and elongate. 
 
Remarks: This species is identified by the distinctive, kite-shaped test. 
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Genus LOXOSTOMA Ehrenberg, 1854 
Type species; Loxostomum subrostratum Ehrenberg, 1854 
 
The genus Loxostoma is characterised by a biserial test that may become uniserial in later 
growth stages. The sides are commonly flattened with carinate margins.  Loeblich and 
Tappan (1964) regarded Loxostoma Hoew (1930) as synomymous, though many American 
workers (e.g., Cushman) continue to use Loxostoma. 
 
Loxostoma cushmani Wickenden, 1932 
 
1932 Loxostoma cushmani Wickenden, p. 91, pl. 1, fig. 6a, b. 
1946 Loxostoma cushmani Wickenden; Cushman, p. 129, pl. 53, figs 24-31. 
 
Diagnosis: The test is, elongate, slender and conical, tapering to a blunt point and rounded 
in cross-section. The chambers are distinct, becoming very distinct in the later portion. The 
chambers are rounded in the initial portion, becoming more rounded and inflated in the 
later growth stages. The test is distinctly biserial in the initial portion, tending to become 
uniserial in the later portion. The sutures are distinct, becoming more depressed, incised, 
ornamented and lobular with maturity. The wall is smooth although some forms posses 
faint, longitudinal costae. In the later growth stages the test is smooth, except for the 
crenulations at the base of the chambers. The aperture is rounded and terminal. 
 
Remarks: The distinctive lobular, ornamented sutures are characteristic of this species. 
The change from an early biserial stage to a later uniserial growth pattern is also 
characteristic.  
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Loxostoma clavatum (Cushman, 1927)  
 
1927 Bolivina clavata Cushman, p. 87, pl. 12, fig. 5a, b. 
1932 Loxostoma clavatum (Cushman); Cushman, p. 340, pl. 51, fig. 8a, b. 
1946 Loxostoma clavatum (Cushman); Cushman, p. 130, pl. 54, figs 4-9. 
 
Diagnosis: The test is elongate, tapering sharply to a point at the base forming a distinctive 
‘V-shape’ to the test. The test is rounded, perhaps ovate, in cross-section. Chambers are 
distinctly biserial throughout, numerous and of uniform shape. The chambers become more 
rounded and slightly globular in the final portion. The sutures are distinct, becoming more 
depressed and incised with maturity. The sutures are lobular and ornamented, becoming 
increasingly more distinctive with maturity. The aperture is elongate and ovate in 
appearance. 
 
Remarks: The very distinctive sutures are similar to those of Loxostoma cushmani but this 
species is biserial throughout and does not normally become uniserial.  
 
Loxostoma (Coryphostoma) plaitum (Carsey, 1926)  
 
1926 Bolivina plaitum Carsey, p. 26, pl. 4, fig. 2.  
1931 Loxostoma plaitum (Carsey); Cushman, p. 51, pl. 8, fig. 9. 
1944 Loxostoma plaitum (Carsey); Cushman and Deaderick, p. 338, pl. 53, fig. 13. 
1946 Loxostoma plaitum (Carsey); Cushman, pp. 130-131, pl. 54, figs 4-9. 
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Diagnosis: The test is very elongate, slightly compressed, thin, tapering very gently to a 
blunted point at the base. The chambers are numerous, distinct, and increasingly rapidly in 
height with maturity. The chambers may become somewhat inflated in the later portion. 
There is a distinctly biserial initial portion, tending to uniserial in the latest growth stages. 
The sutures are straight, un-ornamented, distinct, and depressed, becoming increasingly 
depressed with maturity.  The wall is smooth. The aperture is rounded, ovate and very large 
at the apex of the final chamber.  
 
Remarks: This species has a rather similar chamber arrangement to that of Loxostoma 
cushmani, although the sutures are straight and un-ornamented. 
 
Loxostoma minutissimum Cushman, 1938 
 
1938 Loxostoma minutissimum Cushman, p. 45, pl. 7, fig. 19. 
1946 Loxostoma minutissimum Cushman; Cushman, p. 131, pl. 54, fig. 16. 
 
Diagnosis: Test small, elongated. Very much compressed, ovate in section. Chambers 
distinct, biserial in early portion. Increase in height very rapidly with maturity. Final 
chamber almost half the size of the whole test. Chambers also become more inflated in later 
portion which caused the periphery to become lobate. Aperture very large ovate opening at 
apex of final chamber with small neck and lip emanating from the chamber. 
 
Remarks:  The large, elongated and inflated chambers of the latest portion is the 
distinctive feature of this species. This species is also quite rare. 
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Loxostoma limonense (Cushman, 1926)  
 
1926 Bolivina incrassate Reuss var.  limonensis Cushman, p. 19, pl. 2, fig. 2. 
1937 Loxostoma limonense (Cushman); Cushman, p. 173, pl. 20, fig. 28. 
1946 Loxostoma limonense (Cushman); Cushman, p. 131, pl. 54, fig. 17.  
 
Diagnosis: The test is very slender, elongate, very gently tapering to a blunted point at the 
base. The chambers are numerous, overlapping in a biserial arrangement. The chambers are 
also rather indistinct, and somewhat uniform in shape throughout apart from the final few 
chambers which rapidly increase in size and become inflated. The sutures are distinct, 
straight and becoming slightly depressed in the latest portion. The aperture is narrow, 
elongate, and tends to become terminal in adult specimens. 
 
Remarks: This species appears similar to species of Bolivina, but the final few chambers 
become inflated and increase in size. This variety, now species, was described initially from 
Mexico and Trinidad, and Cushman (1946) indicates that he had not found it in the 
sediments of the Gulf Costal Plain of the USA. 
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Family ELLIPSOIDINIDAE 
Genus PLEUROSTOMELLA Reuss, 1860 
 
Type Species; Dentalina subnodosa Reuss, 1851 
 
Species of Pleurostomella may appear to have a similar chamber arrangement to species of 
Dentalina and, perhaps, some species of Nodosaria. The arrangement of the chambers is, 
however, very loosely biserial but may appear almost uniserial in some forms. The 
chambers are cylindrical and become increasingly elongated with growth. One of the 
distinguishing features of Pleurostomella is the aperture which is situated on one side of the 
final chamber within an enlarged depression. Some species have a hook-shaped hood over 
the aperture. This genus is also well-known for the record of megalo-spheric and micro-
spheric forms, many of which have different specific names in the literature. One of the 
best-known ‘pairs’ are Pleurostomella reussi Berthelin (1880, p. 28) and Pleurostomella 
obtusa Berthelin (1880, p. 29) from the Albian of N. W. Europe, with P. reussi taking 
precedence by way of page priority. 
 
Pleurostomella austinana Cushman, 1933 
 
1933 Pleurostomella austinana Cushman,  p. 64, pl. 7, fig. 13. 
1946 Pleurostomella austinana Cushman; Cushman, pp. 131-132, pl. 54, figs 19-21. 
Diagnosis: The test is very elongate, slender, and appearing almost uniserial. The chambers 
are obliquely stacked but only slightly overlapping. The chambers are distinct, barrel-like in 
shape and globular, increasing in size rapidly with maturity. Later chambers become more 
bulbous and elongated, giving a lobate periphery to the test. The final chamber is rounded 
  Chapter 5 - Taxonomy 
240 
 
at apex, perhaps slightly tapering in a ‘bullet-like’ shape. The aperture is distinct, rounded, 
depressed, off-centre at the apex of final chamber. 
 
Remarks: This is a very elongate, slender species, but the chambers are somewhat loosely 
stacked upon one another unlike other species that often have a more uniform chamber 
arrangement. 
 
Pleurostomella watersi Cushman, 1933 
 
1933 Pleurostomella watersi Cushman, p. 63, pl. 7, figs 11, 12. 
1946 Pleurostomella watersi Cushman; Cushman, p. 132, pl. 54, figs 22, 23. 
 
Diagnosis: The test is elongate and slender, tapering to a blunted point at the base. The test 
may be asymmetrical and slightly curved. The chambers are distinct, biserial throughout, 
becoming increasingly inflated and lobate with maturity. The periphery is lobate as a result 
of the inflated chambers. The large aperture is a rounded and elongated opening at the inner 
margin of final chamber. 
 
Remarks: This species is distinctly biserial and the very distinct, inflated and lobate 
chambers distinguish this species from other Pleurostomella.  
 
Pleurostomella subnodosa Reuss, 1860 
 
1860 Pleurostomella subnodosa Reuss, p. 204, pl. 8, fig. 2. 
1899 Pleurostomella subnodosa Reuss; Egger, p. 48, pl. 16, figs 27, 28. 
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1925 Pleurostomella subnodosa Reuss; Franke, p. 22, pl. 2, fig. 11a, b. 
1946 Pleurostomella subnodosa Reuss; Cushman, p. 132, pl. 55, figs 1-9. 
 
Diagnosis: The test is small, elongate and slender, tapering to a distinct point at the base. 
The earliest portion of the test may be biserial, with chambers very small and indistinct. 
The later chambers are quite distinctly uniserial, but loosely arranged. The chambers are 
globular, almost round, and of uniform shape, increasing slowly with maturity.  The sutures 
become increasingly more depressed with maturity. The final chamber tapers to a rounded 
point to create an almost ‘bullet-shaped’ chamber. The aperture is enlarged, rounded and 
off-set on one side of the final chamber. 
 
Remarks: This species is similar to Pleurostomella austinana but the aperture is very 
much enlarged in this species and the chambers less pronounced. 
 
Pleurostomella velascoensis Cushman, 1926 
 
1926 Pleurostomella velascoensis Cushman, p. 590, pl. 16, fig. 4a, b. 
1946 Pleurostomella velascoensis Cushman; Cushman, p. 133, pl. 55, fig. 12. 
 
Diagnosis: The test is elongate, stout, with the maximum width at mid-point of the test. 
There are few chambers, which are distinct, biserial and overlapping. The chambers rapidly 
become increasingly lobate, globular and elongated with maturity. The final few chambers 
comprise most of the test size. The sutures are very depressed, becoming increasingly 
depressed with growth. The periphery is lobate. The aperture is off-set at the apex of the 
final chamber.   
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Remarks: This is a distinctive species of Pleurostomella. The chambers of this species 
dramatically increase in length and inflation with maturity, while most other species of 
Pleurostomella have gently increasing or uniform chambers.  
 
Genus ELLIPSONODOSARIA Silvestri, 1900 
 
Type Species; Lingulina rotundata d’Orbigny, 1846 
 
Species of Ellipsonodosaria normally have an elongate and slender test, that is uniserial 
and rectilinear throughout. The chambers vary from well-rounded to spherical and tubular. 
The surface of the test is frequently ornamented with fine spines which vary in their size, 
shape, frequency and spacing, making them an excellent characteristic to differentiate 
between species. 
 
Ellipsonodosaria minuta Cushman, 1938 
 
1938 Ellipsonodosaria minuta Cushman, p. 48, pl. 8, fig. 6. 
1946 Ellipsonodosaria minuta Cushman; Cushman, p. 134, pl. 56, fig. 1. 
 
Diagnosis: The test is small, slender and slightly curved with a uniserial arrangement to the 
chambers which are distinct, gently increasing in size and becoming more inflated or 
‘barrel-like’ in the later portion compared to the cylindrical shape in the initial portion. The 
chambers often taper towards the base where short, blunt, spines may be present. The 
sutures are distinct and depressed, especially in the final chambers. The initial portion of 
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the test has slightly raised, longitudinal costae that, in the later portion, are replaced with a 
slight spinose ornamentation to the lower parts of the chambers.  
 
Remarks: The small test size and the distinctively different wall ornamentation between 
the initial and later parts of the test identify this species. 
 
Ellipsonodosaria stephensoni Cushman, 1936 
Plate 31, Figs 9 – 14. 
 
1936 Ellipsonodosaria stephensoni Cushman, p. 52, pl. 9, figs 10-15. 
1944 Ellipsonodosaria stephensoni Cushman; Cushman and Deaderick, p. 338, pl. 53, figs 14-16. 
1946 Ellipsonodosaria stephensoni Cushman; Cushman, pp. 134-135, pl. 56, figs 2-7. 
 
Diagnosis: The test is small, elongate, and slightly curved. The chambers are distinct, 
rounded, uniform in the initial portion and gently becoming more elongated and slightly 
inflated with maturity. The chambers are barrel-shaped in the final growth stages. The 
chambers may also become quite elongated in the final portion, but this characteristic is 
somewhat variable. The sutures are distinct, limbate and depressed. The wall is smooth, but 
may have very occasional small spines sporadically distributed across the chambers, but 
this is a variable feature. The aperture is distinctive, crescentic and – if visible – a 
characteristic tooth. 
 
Remarks: This small species is similar to Ellipsonodosaria minuta but has much less wall 
ornamentation and is less curved. The aperture, if visible, is also distinctive. 
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Ellipsonodosaria stephensoni Cushman var. speciosa Cushman, 1938 
 
1938 Ellipsonodosaria stephensoni Cushman var. speciosa Cushman, p. 47, pl. 8, fig. 3. 
1946 Ellipsonodosaria stephensoni Cushman var. speciosa Cushman; Cushman, p. 135, pl. 56, fig. 8. 
 
Diagnosis: The test is small, elongate and slightly curved. The chambers are distinct, 
rounded, uniform in the initial portion and slowly becoming more elongated and slightly 
inflated with maturity. The chambers may become quite elongated in the final portion, 
being more bulbous towards the base and gently tapering like the neck of a bottle at the top 
of the chamber. The sutures are distinct, limbate and depressed. The wall is slightly 
spinose, with frequent fine spines that are preferentially situated at the base of the chamber 
above the suture margin. 
 
Remarks: This variety is very similar to Ellipsonodosaria stephensoni but with a 
distinctive ornamentation of fine spines that are preferentially located at the base of each 
chamber. Later chambers of this species also become more tapered and elongated than in E. 
stephensoni. 
 
Ellipsonodosaria pseudoscripta Cushman, 1937 
 
1937 Ellipsonodosaria pseudoscripta Cushman, p. 103, pl. 15, fig. 14. 
1946 Ellipsonodosaria pseudoscripta Cushman; Cushman, p. 135, pl. 56, fig. 9. 
 
Diagnosis: The test is small, elongate, uniserial and straight. The chambers are well 
rounded, overlapping in the initial portion, but becoming increasingly separated and not 
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overlapping in the later portion. The final few chambers tend to become more elongate with 
the final chamber tapering to the apex, at which there is a rounded neck. There are very fine 
spines covering the test wall, although these are not very pronounced. The sutures become 
increasingly depressed and incised with maturity. The aperture is terminal, rounded, with a 
narrow tooth projecting into the opening. 
 
Remarks: This species is small and has very well-rounded chambers for most of the test. 
Only the final chambers become more elongate. The test is straight, unlike many of the 
other species of Ellipsonodosaria. 
 
Ellipsonodosaria exilis Cushman, 1936 
Plate 31, Figs 1 – 5; Plate 50, Fig. 1. 
 
1936 Ellipsonodosaria exilis Cushman, p. p. 51, pl. 9, figs 1, 2. 
1946 Ellipsonodosaria exilis Cushman; Cushman, p. 135, pl. 56, figs 10, 11. 
 
Diagnosis: The test is very slender, uniserial, large and slightly curved. The initial chamber 
has a distinct, large, thickened spine at the base of the test.  The chambers are cylindrical, 
distinct, and only very slightly increase in width with maturity but do increase significantly 
in length to form large cylindrical chambers. The initial chamber may often be well-
rounded. There may also be a very slight inflation in the final few chambers. The sutures 
are distinct but not depressed or thickened. The aperture is terminal with only a faint sign of 
a tooth. 
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Remarks: Particularly large specimens can be over 2 cm long. The species – especially 
when fragmentary – can normally identified by the distinct, thickened and prominent spine 
that is situated at the base of the intial chamber. As a result of the large size of this species, 
fragmentary remains are often found in samples 
 
Ellipsonodosaria alexanderi Cushman, 1936 
Plate 30, Figs 1 – 13; Plate 47, Fig. 5. 
 
1936 Ellipsonodosaria alexanderi Cushman, p. 52, pl. 9, figs 6-9.  
1946 Ellipsonodosaria alexanderi Cushman; Cushman, pp. 135-136, pl. 56, figs 12-15. 
 
Diagnosis: The test is uniserial, elongate and may be straight or slightly curved. The few 
chambers are well-rounded in the initial portion tending to become more elongate and 
cylindrical in the final portion, where they are often inflated to barrel-shaped. The sutures 
are strongly depressed throughout. The test is very heavily ornamented with thickened 
spines that are present all over the wall and irregularly scattered throughout. The spines 
face downwards towards the base of the test. Several thickened spines may be present ate 
the base of the initial chamber. The aperture is a circular opening on a distinct neck that 
often has a slight lip. 
 
Remarks: This species has a heavily spinose wall ornamentation compared to other species 
of Ellipsonodosaria. Cushman (1946, pp.135-136) separated this species from 
Ellipsonodosaria alexanderi var. impensia if the specimen was very heavily spinose 
although this distinction has not been made here and all are included under 
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Ellipsonodosaria alexanderi as the degree of spinose ornamentation is difficult to quantify 
and use in a reliable manner.  
 
Ellipsonodosaria? granti (Plummer, 1927)  
 
1927 Nodosaria granti Plummer, p. 83, pl. 5, fig. 9a-d.  
1936 Ellipsonodosaria? granti (Plummer); Cushman, p. 51, pl. 9, figs 3-5. 
1946 Ellipsonodosaria? granti (Plummer); Cushman, p. 136, pl. 56, figs 24-26. 
 
Diagnosis: The test is large, elongate, uniserial, although it is rare for a whole specimen to 
be preserved. Fragments with large elongate, cylindrical chambers with slightly depressed 
sutures are, therefore, ascribed to this species. Very occasionally the initial chamber is 
recorded, which is well-rounded with a distinct spine.  
 
Remarks: Very large specimens are often fragmented in the samples. The species can only 
be identified by the very large, elongated cylindrical chambers. This species is similar to 
Ellipsonodosaria exilis but has large chambers and is not so curved. 
 
Ellipsonodosaria? jarvisi Cushman, 1936 
Plate 31, Figs 6 – 8. 
 
1936 Ellipsonodosaria? jarvisi Cushman, p. 53, pl. 9, figs 16-18. 
1946 Ellipsonodosaria? jarvisi Cushman; Cushman, pp. 136-137, pl. 24, fig. 28, pl. 56, figs 27-29. 
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Diagnosis: The test is elongate, large, slightly curved or straight and tapering to a point at 
the base. The initial chambers are indistinct, later becoming very distinct, cylindrical and 
then well-rounded, inflated and almost spherical.  The chambers overlap in the initial 
portion and as they become more rounded they overlap less and less. The sutures rapidly 
become increasingly depressed with maturity. The wall appears to carry faint costae, only 
appearing ‘rough’ under a light microscope. Chambers, in their lower part, may be finely 
spinose. The terminal aperture is carried on a neck that may be ornamented by fine costae. 
 
Remarks: This species is very distinctive as a result of the well-rounded, almost spherical 
chambers of the final portion and the tapering, acute initial portion of the test. 
 
Ellipsonodosaria subnodosa (Guppy, 1894) 
 
1894 Ellipsonodosaria subnodosa Guppy, p. 650, pl. 41, fig. 12. 
1928 Ellipsonodosaria subnodosa (Guppy); Nuttall, p. 95, pl. 6, fig. 20. 
1928 Ellipsonodosaria subnodosa (Guppy); Cushman and Jarvis, p. 102, pl. 14, figs 15, 16. 
1946 Ellipsonodosaria subnodosa (Guppy); Cushman, p. 137, pl. 56, figs 30, 31. 
 
Diagnosis: The test is small, elongate, uniserial, tapering to a distinct point in the initial 
portion. The chambers are indistinct, depressed and cylindrical, with the final chamber 
enlarged and inflated. The sutures are indistinct. The test tapers to a blunt point at the top of 
the final chamber. 
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Remarks: This is a small, rare species that is distinguishable by the greatly enlarged final 
chamber. Reported in the zoological literature, Guppy’s specimens from Trinidad were 
Recent, and the application of this name to geological material may be incorrect. 
 
 
Family ROTALIIDAE 
Genus VALVULINERIA Cushman, 1926 
 
Type Species; Valvulineria californica Cushman, 1926 
 
Species of Valvulineria are trochospiral, rounded in appearance and, usually, somewhat 
robust. They typically have a flattened to moderately convex side and a deeply concave 
side. Valvulineria differ from Cibicides or similar genera by the enlarged, often bulbous, 
chambers that are not present, or so commonly encountered, in these other genera. 
 
Valvulineria infrequens Morrow, 1934 
Plate 51, Fig. 16. 
 
1934 Valvulineria infrequens Morrow, p. 197, pl. 30, fig. 3a-c. 
1944 Valvulineria infrequens Morrow; Cushman and Deaderick, p. 64, pl. 15, figs 17-19. 
1946 Valvulineria infrequens Morrow; Cushman, p. 138, pl. 57, fig. 5. 
 
Diagnosis: The test is trochospirally coiled in two whorls with 6 chambers in the final 
whorl. The ventral side is strongly concave, while the dorsal side is slightly convex. The 
chambers are very distinct, becoming increasingly inflated and larger in the final whorl. 
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The final chamber may be inflated and bulbous, especially on the ventral side. The 
periphery is lobate due to the inflated chambers and strongly depressed sutures. A central 
boss is often exposed in the centre of test as a small, indistinct depression. The wall is 
smooth and there is no peripheral keel. The aperture is not normally visible, possibly due to 
being a thin slit on margin of final chamber. 
 
Remarks: This is a quite distinctive species due to its large, inflated chambers and trochoid 
test. The large, almost bulbous final chambers are also quite distinctive.  
 
Valvulineria cretacea (Carsey, 1926)  
 
1926 Valvulineria cretacea Carsey, p. 48, pl. 5, fig. 1a, b.  
1943 Valvulineria cretacea (Carsey); Cushman and Todd, p. 67, pl. 12, fig. 1. 
1946 Valvulineria cretacea (Carsey); Cushman, pp. 138-139, pl. 57, fig. 8. 
 
Diagnosis: The test is trochospiral, biconvex, closely coiled in 2.5 whorls and rounded. The 
chambers are distinct, slightly inflated and numerous, with 12–13 in the final whorl. The 
dorsal side is involute, with only one whorl of chambers visible with an enlarged central 
boss in centre of test. The ventral side is evolute and displays at least 2–3 whorls of smaller 
chambers. The sutures on both sides of the test are distinct, slightly curved and depressed. 
The wall appears roughened, probably finely perforate. The periphery is slightly lobate in 
the final chambers but more or less well rounded throughout. The aperture is rarely 
observable, probably formed of a low slit. 
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Remarks: Each side of the test is very distinct and different. The chambers tend to be 
uniform in size and not inflated like many other species of Valvulineria.  
 
Valvulineria sp. cf. V. umbilicatula (d’Orbigny) Cushman, 1931 
 
1931 Valvulineria sp. cf. V. umbilicatula (d’Orbigny); Cushman, p. 53, pl. 9, figs 2-5. 
1946 Valvulineria sp. cf. V. umbilicatula (d’Orbigny) Cushman; Cushman, p. 139, pl. 57, figs 9-12. 
 
Diagnosis: The test is trochospiral, rounded, closely coiled, and somewhat variable. There 
is a strongly convex ventral side and somewhat flattened dorsal side. There are two whorls 
with 5 chambers visible in the last whorl. On both sides of the test the chambers are 
distinct, becoming slowly inflated with maturity, giving the periphery a lobate outline. The 
last chamber can often be inflated and overlapping the earlier chambers. 
 
Remarks: This is an extremely variable species and care needs to be taken with its 
identification. The inflated chambers and straight, depressed sutures help to differentiate it 
from others in the genus. Cushman (1946) makes no reference to d’Orbigny’s original 
description of his material. 
 
Genus GYROIDINA d’Orbigny, 1826 
 
Type Species; Gyroidina orbicularis d’Orbigny, 1826 
 
Species of Gyroidina are rounded, trochospiral. Spiral side flattened or may be convex. 
Umbicical side is strongly convex, involute often with strongly radial sutures. Wall is 
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typically smooth with little to no ornamentation. Aperture often on umbilical side as a thin 
slit that runs from the periphery to near the small central boss. 
 
Gyroidina depressa (Gyroidinoides depressus) (Alth, 1850)  
Plate 51, Fig. 1; Plate 39, Figs 20, 21. 
 
1850 Gyroidina depressa Alth, p. 266, pl. 13, fig. 21. 
1929 Gyroidina depressa (Alth); Cushman and Church, p. 515, pl. 41, figs 4-6. 
1931 Gyroidina depressa (Alth); Plummer, p. 190, pl. 13, fig. 3.  
1932 Gyroidina depressa (Alth); Cushman and Jarvis, p. 46, pl. 14, fig. 1. 
1944 Gyroidina depressa (Alth); Cusman and Deaderick, p. 339, pl. 53, figs 19, 20. 
1946 Gyroidina depressa (Alth); Cushman, pp. 139-140, pl. 58, figs 1-4. 
 
Diagnosis: The test is trochospiral, small, compressed, closely coiled and rounded. The 
profile is biconvex, but may be slightly trochoid. The chambers are distinct and numerous, 
uniform in shape, increasing very gradually with each whorl but may be slightly inflated in 
the final few chambers. The sutures are distinct, curved and slightly depressed. There may 
be an enlarged central boss in some specimens. The dorsal side is involute with only the 
final whorl of 9–11 chambers exposed. The ventral side has numerous chambers and at 
least three whorls visible. The sutures on the ventral side are more curved than those on the 
dorsal side. The wall appears smooth. 
 
Remarks: This is a highly variable species, with Cushman (1946, pl. 58) showing a wide 
range of morphotypes. There is variability in the number of chambers and their 
arrangement. As this species is quite a small, it is normally only present in the smallest size 
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fraction. Initially described from Europe, Cushman reports that he had seen topotypes and 
was convinced that the American specimens were the same species. 
 
Gyroidina globosa (Gyroidinoides globoses) (Hagenow, 1842) emend. Alegret and Thomas 
(2001) 
 
1842 Nonionina globosa Hagenow, p. 574.  
1862 Rotalia globosa (Hagenow); Reuss, p. 330, pl. 7, fig. 2a, b. 
1931 Gyroidina globosa (Hagenow, 1842)  
1944 Gyroidina globosa (Hagenow, 1842)  
1946 Gyroidina globosa (Hagenow, 1842) 
2001 Gyroidinoides globoses (Alegret and Thomas, 2001)  
 
Diagnosis: The test is large, trochospiral and rounded. Chambers increase very gradually 
with maturity but increase rapidly in width resulting in a very stout test. Planoconvex, 
although test is variable. Chambers distinct, perhaps a little inflated in later portion. Last 
whorl appears to be the variable characteristic with chambers being of varying width and 
overlap.  
 
Remarks: This is a rare species. It differs from other species of Gyroidina in the variable 
chamber thickness especially in the final whorl. Because the chambers are very wide and 
not very thick, this creates a distinctly stout test. 
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Gyroidina (Gyroidinoides) beisseli (White, 1928) emend. Alegret and Thomas (2001) 
 
1928 Gyroidina beisseli White, p. 291, pl. 39, fig. 7. 
1946 Gyroidina beisseli White; Cushman, p. 141, pl. 58, fig. 11. 
2001 Gyroidinoides beisseli (Alegret and Thomas, 2001). 
 
Diagnosis: The test is large, trochospiral and distinctly planoconvex. There are 2–3 whorls 
visible on the ventral side. There are few chambers that increase in width, but not height, 
with maturity. The dorsal side has 4–6 chambers visible and is slightly involute. The 
sutures on the ventral side are oblique and curved gently towards the centre of the test. The 
ventral side is flattened or slightly concave. The periphery is rounded but not keeled. 
 
Remarks: This is a rare species, distinguished from the other species of Gyroidina by the 
planoconvex test and few chambers. The following species are synonyms of Gyroidinoides 
beisseli (White) emend Alegret and Thomas, 2001: Gyroidina nitida (Reuss) Cushman 
1946, p. 140, pl. 58, fig. 5. Eponides bollii Cushman and Renz 1946. Eponides simplex 
(White) Cushman 1946, p. 142, pl. 57, fig. 15. 
 
 
Genus STENSIÖINA Brotzen, 1936 
  
Type Species; Rotalia exsculpta Reuss, 1860 
 
Species of Stensioina are very distinctive, being characterised by the hemispherical test 
shape. On the flattened side, chambers enlarge gradually and are separated by limbate 
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sutures that are raised and distinct. The differences between species of Stensiöina often 
relates to the level of ornamentation of the flattened side and the overall appearance of the 
hemispherical test. 
 
Stensiöina excolata (Cushman, 1926) 
 
1926 Truncatulina excolata Cushman, p. 22, pl. 3, fig. 2a, b. 
1928 Gyroidina excolata (Cushman); White, p. 293, pl. 40, fig. 2. 
1940 Stensioina excolata (Cushman); Cushman and Dorsey, p. 4, pl. 1, fig. 6a-c. 
1946 Stensioina excolata (Cushman); Cushman, p. 141, pl. 66, fig. 17. 
 
Diagnosis: The test is distinctly trochospiral, plano-convex and large. The dorsal side is 
flattened while the ventral side is semi-circular in appearance and strongly convex. The 
periphery is acute, sharply defined and keeled. The chambers on the ventral side are 
indistinct, picked out by the slightly depressed sutures. The final few chambers are slightly 
inflated, picked out by the slightly lobate periphery. On the dorsal side the chambers also 
quite indistinct, but picked out by raised, thickened sutures that show a clear spiral pattern, 
with chambers rapidly increasing, uniformly, in length. The intermediate areas appear 
roughened.  
 
Remarks: This species is recognised as Stensioina because of the distinctively plano-
convex test. It is characterised by the ornamentation of the thickened, raised sutures on the 
dorsal side.  
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Stensiöina americana Cushman and Dorsey, 1940 
Plate 39, Figs 1 – 10; Plate 51, Fig. 8. 
 
1940 Stensiöina americana Cushman and Dorsey, p. 5, pl. 1, fig. 7a-c. 
1946 Stensiöina americana Cushman and Dorsey; Cushman, pp. 141-142, pl. 65, fig. 14. 
 
Diagnosis: The test is small, trochospiral and plano-convex. The dorsal side is flattened, 
and may even be slightly concave. The chambers on the dorsal side are rather indistinct, 
with the sutures rather indistinct, slightly raised and thickened. The sutures on the spiral 
side are slightly curved and broken up by irregular ornamentation and costae. The periphery 
is sharp, acute and keeled. Ventral side has numerous well-defined chambers that are 
inflated, becoming even more inflated with maturity. A clear, central boss is visible in the 
umbilical region.  
 
Remarks: There is a less distinct pattern of ornamentation on the dorsal side compared to 
Stensiöina excolata. S. americana is also smaller. Chambers on ventral side are also distinct 
and this also separates it from S. excolata. 
 
Genus EPONIDES de Montfort, 1808 
 
Type Species; Nautilus repandus Fichtel and Moll, 1798 
 
Species of Eponides are closely coiled with an enlarged, convex, trochospiral coil of about 
two to three whorls on the dorsal side and a depressed, concave, ventral side. Chambers are 
often very inflated and globular with a finely perforate wall. Eponides differs from similar 
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genera, such as Valvulineria and Gyroidina, by the enlarged, high trochospiral coil on the 
dorsal side. 
 
Eponides haidingerii (d’Orbigny, 1846)  
Plate 39; Figs 11 – 15; Plate 51, Figs 3, 4. 
 
1846 Rotalina haidingerii d’Orbigny, p. 154, pl. 8, figs 7-9.  
1931 Eponides haidingerii (d’Orbigny); Cushman, p. 54, pl. 8, figs 15, 16. 
1946 Eponides haidingerii (d’Orbigny); Cushman, p. 142, pl. 57, figs 13, 14. 
 
Diagnosis: The test is large, trochospiral and closely coiled. On the dorsal side, the 6–7 
chambers are distinct and inflated. The sutures are oblique, depressed, and gently curved. 
The ventral side is slightly convex, with distinct, straight, depressed sutures. The 4–6 
chambers are inflated, and becoming bulbous with growth. The wall is distinctly smooth 
and perforate.  
 
Remarks: This is a distinctive, large species with a trochoid test and large, inflated 
chambers. Originally described from the Cenozoic of the Vienna Basin by d’Orbigny 
(1846), Cushman (1946) records this species from the Upper Cretaceous of the Gulf Coast 
area and Trinidad. 
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Genus EPISTOMINA Terquem, 1883 
Type Species; Epistomina regularis Terquem, 1883 
 
Species of Epistomina are characterised by trochospiral, planoconvex test. Chambers 
increase gradually in size with maturity with slightly curved sutures. Umbilical side often 
more closely coiled. Surface smooth with distinct keel around the periphery normally. 
Often aragonitic.  
 
Epistomina sp. cf. E. caracolla (Roemer, 1841) 
Plate 39, Fig. 16.  
 
1841 Gyroidina caracolla Roemer, p. 97, pl. 15, fig. 22a-c. 
1946 Epistomina sp. cf. E. caracolla (Roemer); Cushman, pp. 142-143, pl. 59, figs 1, 2.  
 
Diagnosis: The test is biconvex, rounded, large, and trochospirally coiled. The periphery is 
rounded, acute, sharp and distinctly keeled. The dorsal side is evolute, with 6–8 chambers 
visible in the final of 2–3 whorls. The chambers are very well defined, flush with the test 
surface. The sutures are very well defined, opaque, thickened but not raised. The sutures are 
also oblique and gently curving.  The ventral side is involute, with 5–7 chambers normally 
visible. The chambers are well defined, with later chambers slightly inflated and the sutures 
gently curving, radiating from small central boss. The sutures and keel are an opaque colour 
while the chambers are a light brown colour. Wall is smooth and has a distinctive lustre 
which reflects the aragonite construction of the test. Relict apertures can be seen on the 
ventral side just below the periphery. 
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Remarks: This is a very distinctive species due to its sharp, keeled periphery, colour and 
chamber arrangement. In cross-section it appears diamond-shaped. Cushman (1946) 
provides a long reference list to records in Europe, which range from the Lower Cretaceous 
to the Upper Cretaceous. The stratigraphical record in Europe is interrupted by the lack of 
epistominids in the chalk facies, which is the result of the lack of preservation of aragonite 
in chalk. It is uncertain as to whether this is, therefore, the species described by Roemer. 
Roemer’s original material came from the Cretaceous ‘Hils’ of N. Germany and given as 
‘Kreide’ (Upper Cretaceous).  In Europe it is best known as a Lower Cretaceous species.  
 
Genus SIPHONINA Reuss, 1850 
 
Type Species; Siphonina fimbriata Reuss, 1850 
 
Species of Siphonia have a test appearance similar to Epistomina and Pulvinulinella. The 
distinctive characteristics of Siphonina are the finely serrated, thickened keel and the 
distinctive aperture on a short, rounded neck on the periphery. 
 
Siphonina prima (Pulsiphonina prima?) Plummer, 1927 
Plate 39, Figs 17 – 19. 
 
1927 Siphonina prima Plummer, p. 148, pl. 12, fig. 4a-c. 
1946 Siphonina prima Plummer; Cushman, p. 143, pl. 59, figs 3-5. 
 
Diagnosis: The test is small, circular, compressed, equally biconvex (discoidal), 
trochospiral coil. The periphery is lobate, acute and distinctively keeled with a finely 
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serrated, ornamented, thickened keel. The dorsal side is evolute with 2–3 whorls displaying 
numerous chambers with distinctive, slightly depressed, very oblique, straight sutures. The 
ventral side is involute with few, lobate chambers that also have distinctive, slightly 
depressed, very oblique, straight sutures. The test may be concave in the central umbilical 
region. The aperture at the base of the final chamber faces onto periphery and is slightly 
raised on a thickened, short neck. 
 
Remarks: The slightly depressed, very oblique straight sutures and the very distinctive 
(almost unique), finely serrated thickened keel are the distinctive features of this species. 
The aperture on a short neck on the periphery also distinguishes this species from other 
genera, such as Epistomina. 
 
Family CASSIDULINIDAE 
Genus CERATOBULIMINA Toula, 1915 
 
Type Species; Rotalina contraria Reuss, 1851 
 
Species of Ceratobulimina have a distinctive, ovate outline as inflated chambers increase in 
size rapidly with maturity. The coiling pattern is often very distinct.  
 
Ceratobulimina cretacea Cushman and Harris, 1927 
 
1927 Ceratobulimina cretacea Cushman and Harris, p. 173, pl. 29, fig 1a-c, pl. 30, fig. 11. 
1936 Ceratobulimina cretacea Cushman and Harris; Plummer, p. 460, text.fig. 5. 
1946 Ceratobulimina cretacea Cushman and Harris; Cushman, p. 143, pl. 59, figs 6, 7. 
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Diagnosis: The test is small, ovate, almost streptospirally coiled and tending to become 
globular. The sutures are distinct, limbate, gently curved and thickened towards the centre 
of the test. The chambers are stout and the test coils on itself to accommodate the ‘fat’ 
chambers which become progressively larger with growth. The aperture is visible as a large 
rounded divot in the inner margin of the final chamber, which almost covers the umbilical 
region. The periphery is slightly lobate, especially as the final chambers become inflated 
and almost bulbous. 
 
Remarks: In this species the chambers become enlarged very rapidly and the test coils at 
an unusual angle. 
 
Genus PULVINULINELLA (OSANGULARIA?) Cushman, 1926 
 
Type Species; Pulvinulinella subperuviana Cushman, 1926 
 
Species of Pulvinulinella are biconvex with an acute keel around the periphery, and are 
characterised by the very stongly oblique and straight to curved sutures on the evolute side. 
 
Pulvinulinella texana Cushman, 1938 
Plate 43, Figs 1 – 4. 
 
1938 Pulvinulinella texana Cushman, p. 49, pl. 8, fig. 8. 
1946 Pulvinulinella texana Cushman; Cushman, pp. 143-144, pl. 59, figs 8, 9. 
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Diagnosis: The test is small, trochospiral, biconvex, discoidal, compressed, and usually 
with an opaque lustre. The ventral side is more prominent and convex, while the dorsal side 
is almost flattened. There is a very distinct, thickened, skirt-like keel to the acute periphery. 
The ventral side has 4-6 distinct chambers, which are slightly inflated. The sutures are 
radiate, straight, and slightly depressed. The dorsal side has very strongly oblique, gently 
curving, sutures that gradually cover up the previous chambers. The wall is smooth, but 
distinctly perforate. The aperture is rather unusual, being in two distinct portions. 
 
Remarks: The very strongly oblique sutures on the dorsal side are the distinctive feature of 
this species and distinguish it from other species such as Siphonia prima. The keel on P. 
texana is thickened, but smooth, and not ornate like that of Siphonia prima. This species 
differes from P. alata in having a larger number of chambers in the final whorl and in being 
more distinctly biconvex. 
 
Pulvinulinella navarroana Cushman, 1938 
 
1938 Pulvinulinella navarroana Cushman, p. 66, pl. 11, fig. 5. 
1946 Pulvinulinella navarroana Cushman; Cushman, p. 144, pl.60, fig. 1. 
 
Diagnosis: The test is large, biconvex, trochospiral, discoidal and compressed. The 
rounded periphery is acute, very distinct, and thickened into a distinct keel. The dorsal side 
is evolute and displays numerous uniform, chambers with distinct, oblique sutures that 
become increasingly oblique with maturity. The sutures are not raised, but flush with the 
surface of the test. The chambers on the involute ventral side are also distinct with 
thickened sutures that radiate from a small central boss. The chambers on both sides are 
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uniform and gradually increase in size with maturity. The wall is distinctly perforate, and 
appears roughened. The aperture is narrow and elongate. 
 
Remarks: The chambers are more uniform in appearance that other species of 
Pulvinulinella. P. navarroana is also larger and has a perforate, roughened, wall compared 
to the other species of Pulvinulinella recorded in this investigation. 
 
Pulvinulinella (Nuttallinella) ripleyensis Sandidge, 1932 
 
1932 Pulvinulinella ripleyensis Sandidge, p. 315, pl. 29, figs 7-9. 
1946 Pulvinulinella ripleyensis Sandidge; Cushman, p. 144, pl. 60, fig. 2. 
 
Diagnosis: The test is small, trochospiral, biconvex, compressed, and very closely coiled. 
The periphery is not acute, giving the appearance of a ‘blunted edge’ to the indistinct keel. 
The periphery is slightly lobate. The chambers are rather indistinct throughout, with sutures 
flush with the surface of the test. The sutures are strongly oblique, thin and gently curved. 
The dorsal side has numerous chambers, with 3–4 whorls visible while the ventral side 
shows 5–7 more lobate, inflated chambers. The test is usually opaque in appearance with a 
distinctive lustre. 
 
Remarks: This is rare species which is distinguishable by its small size, very closely coiled 
chambers on the dorsal side and the lobate, non-keeled periphery. 
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Family ANOMALINDAE 
Genus ANOMALINA (ANOMALINOIDES) d’Orbigny, 1826 
 
Type Species; Anomalina (Anomalinoides) punctulata d’Orbigny, 1826 
 
Species of Anomalina are distinctly trochospiral, although some species are very 
compressed which gives a near-planispiral appearance. Many of these species have 
subsequently been placed in the genus Gavelinella or Lingulogavelinella and subjected to a 
major revision by Revets 1996, 2001). 
 
Anomalina (Anomalinoides) nelsoni Berry, in Berry and Kelley, 1929 
 
1929 Anomalina nelsoni Berry, in Berry and Kelley, p. 14, pl. 2, figs 19-21. 
1940 Anomalina nelsoni Berry; Cushman, p. 27, pl. 5, figs 1, 2. 
1944 Anomalina nelsoni Berry; Cushman and Deaderick, p. 340, pl. 53, fig. 32. 
1946 Anomalina nelsoni Berry; Cushman, p. 154, pl. 63, figs 8, 9. 
 
Diagnosis: The test is trochospirally coiled, biconvex to plano-convex and distinctly large. 
The dorsal side may be flattened or even slightly concave, while the ventral side is convex 
and slightly inflated. There are 6–8 distinct, slightly bulbous, inflated chambers, gradually 
increasing in size with growthand giving the periphery a lobate appearance. The sutures are 
depressed and distinct. The wall structure is distinctly perforate. The aperture is an arched 
slit with a bordering lip. 
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Remarks: The very bulbous, inflated, chambers and the distinctly perforate wall structure 
separate this species from others in the genus Anomalina. The two forms of this species 
illustrated by Cushman (1946, pl. 63) appear very different and the material of Berry (1929) 
requires checking in order to determine if Cushman presented a correct interpretation of the 
species. 
 
Anomalina (Anomalinoides) ammonoides (Reuss, 1844)  
 
1844 Rosalina ammonoides Reuss, p. 214. 
1845 Rosalina ammonoides Reuss; Reuss, p. 36, pl. 8, fig. 53, pl. 13, fig. 66. 
1894 Anomalina ammonoides (Reuss); Chapman, p. 722. 
1940 Anomalina ammonoides (Reuss); Cushman, p. 28, pl. 5, figs 4, 5. 
1946 Anomalina ammonoides (Reuss); Cushman, p. 154, pl. 63, figs 10(?), 11.  
 
Diagnosis: The test is trochospiral, closely coiled and small. The dorsal side tends to be 
slightly flattened on dorsal side. The chambers are very distinct, inflated, and almost 
bulbous. There are numerous (9–12) chambers in the final whorl, which become 
increasingly inflated with maturity. The sutures are very distinct, thickened, especially inthe 
initial portion of final whorl. The sutures tend to become depressed and less distinct in the 
final few chambers. The sutures are gently curved. The ventral side has a thickened central 
boss that is slightly depressed into the test. The periphery tends to be lobate. 
 
Remarks: The distinctive, thickened and raised sutures and the very lobate periphery are 
the characteristics of this species. This species is well-known in the chalk facies of N. W. 
Europe and appears to be widespread in the Late Cretaceous. Unfortunately many authors 
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have used this taxon as a ‘dustbin’ and the taxonomy is in need of attention (Edwards, 1981 
and Hart and Swiecicki, 1988). Revets (2001, p. 18) places the species in the genus 
Berthelina Malapris (1965). Cushman (1946, pl. 63) also illustrates two forms that may not 
be con-specific, highlighting the need for further work.  
 
Anomalina (Anomalinoides) pseudopapillosa Carsey,1926 
Plate 40, Figs 8 – 15. 
 
1926 Anomalina pseudopapillosa Carsey, p. 47, pl. 1, fig. 6a, b. 
1931 Anomalina pseudopapillosa Carsey; Plummer, p. 200, pl. 14, fig. 13. 
1940 Anomalina pseudopapillosa Carsey; Cushman, p. 29, pl. 5, fig. 6a-c. 
1946 Anomalina pseudopapillosa Carsey; Cushman, pp. 154-155, pl. 64, fig. 1. 
 
Diagnosis: The test is trochospirally coiled, though appears almost planispiral with both 
sides very similar.There are numerous chambers (12–16) which are distinct, but only very 
slightly inflated. The sutures are gently curved and very slightly depressed though 
thickened. The periphery may be slightly lobate in final the final few chambers but tends to 
be smooth. The centre of the test is depressed in the central umbilical region with a boss. 
The sutures become thickened over this boss and create a quite distinctive pattern. The wall 
surface is perforate and appears granular. The aperture has a slight lip. 
 
Remarks: This species tends to be smaller than other Anomalina. The chambers are not 
inflated, giving a relatively smooth outline to the periphery. The characteristic feature is the 
distinctive, ornamented, central boss. 
 
  Chapter 5 - Taxonomy 
267 
 
Anomalina (Anomalinoides) clementiana (d’Orbigny, 1840)  
Plate 40, Figs 2 – 7. 
 
1840 Rosalina clementiana d’Orbigny, p. 37, pl. 3, figs 23-25. 
1925 Anomalina clementiana (d’Orbigny); Franke, p. 85, pl. 7, fig. 12a-c. 
1928 Anomalina clementiana (d’Orbigny); Franke, p. 179, pl. 16, fig. 9a-c.  
1931 Anomalina clementiana (d’Orbigny); Cushman, p. 61, pl. 13, fig. 1a-c. 
1946 Anomalina clementiana (d’Orbigny); Cushman, p. 155, pl. 63, figs 12, 13. 
1989 Gavelinella clementiana (d’Orbigny); Hart et al., pl. 7.11, figs 1-3. 
 
Diagnosis: The test is rounded, trochospitral and closely coiled. The chambers are inflated, 
and distinct, with curved, limbate, sutures. The inflation of the chambers is more prominent 
in final few chambers, with the final chamber often more inflated than the others. The 
periphery is rounded, apart from the final few chambers which are slightly lobate. There is 
a distinctive, depressed, flattened central boss. 
 
Remarks: This species is quite similar to Anomalina ammonoides with thickened raised 
sutures but this species has a distinctive large central boss and a rounded periphery. 
Described initially from the white chalk of the Paris Basin, this species is well-known in 
the chalk facies of N. W. Europe. In the latter part of the 20
th
 Century this species was 
placed in the Gavelinella lineage, though this has recently been moved to 
Pseudogavelinella by Revets (1996, p. 76). The two forms illustrated by Cushman  (1946, 
pl. 63) are worryingly different in appearance. 
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Anomalina (Anomalinoides) henbesti Plummer, 1936 
Plate 40, Fig. 1; Plate 51, Fig. 9. 
 
1936 Anomalina henbesti Plummer, p. 290, pl. 5, figs 7-10. 
1946 Anomalina henbesti Plummer; Cushman, p. 155, pl. 64, fig. 2. 
 
Diagnosis: The test is small, trochospiral, closely coiled and almost planispiral in 
appearance. The chambers are distinct, becoming slightly inflated in the later portion of 
final whorl. The sutures are distinct, limbate, and slightly depressed. The periphery is round 
in outline and sub-acute in cross-section. The wall is smooth, but perforate.. 
 
Remarks:  This species has a much more rounded periphery than other species of 
Anomalina which tend to be more lobate outline. Cushman (1946) provides a long 
reference list, including comparisons with European taxa described by Reuss (and others).  
 
Genus PLANULINA d’Orbigny, 1826 
 
Type Species; Planulina ariminensis d’Orbigny, 1826 
 
Species of Planulina are very much compressed and often posses a slight keeled. Planulina 
resembles the same chamber orientation and arrangement as Anomalina and Cibicides, but 
is the only genus that is compressed and often has a keel. 
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Planulina eaglefordensis (Moreman, 1927)  
Plate 44, Figs 16 – 27. 
 
1927 Anomalina eaglefordensis Moreman, p. 99, pl. 16, fig. 9a, b. 
1940 Planulina eaglefordensis (Moreman); Cushman, p. 32, pl. 6, figs 4, 5. 
1946 Planulina eaglefordensis (Moreman); Cushman, p. 156, pl. 64, figs 8, 9.  
 
Diagnosis: The test is large, slightly trochoid, closely coiled, and very compressed. There 
are 10–12 distinct, uniform chambers visible on both sides of the test. The chambers 
increase in size very gradually with growth. The dorsal side is more evolute, with more 
chambers visible in the 3 whorls that are normally visible. The sutures are curved and 
depressed. The periphery is slightly lobate, and slightly raised to form a keel. The wall is 
distinctly perforate. 
 
Remarks: The very compressed test and the numerous chambers are the distinguishing 
feature of this species.  
 
Planulina austinana Cushman, 1938 
Plate 44, Figs 2 – 5. 
 
1938 Planulina austinana Cushman, p. 68, pl. 12, fig. 2a-c. 
1940 Planulina austinana Cushman; Cushman, p. 33, pl. 6, fig. 6a-c. 
1946 Planulina austinana Cushman; Cushman, pp. 156-157, pl. 64, fig. 10. 
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Diagnosis: The test is a small, low trochospiral that is tightly coiled and compressed. The 
8–10 chambers in the final whorl are distinct and slightly inflated. The chambers increase 
in size gradually with maturity. The sutures are slightly depressed, distinct and curved. The 
periphery is highly lobate. The central umbo is compressed and may be visible on dorsal 
side. The ventral side has a much larger, raised, central boss. The wall is smooth and finely 
perforate. 
 
Remarks: The very lobate periphery and small test size distinguishes this species from 
other species of Planulina. Planulina austinana is also lacking a keel, which is a feature of 
many other species of Planulina: e.g., Planulina taylorana. 
 
Planulina texana Cushman, 1938 
Plate 45, Figs 16 – 30. 
 
1938 Planulina texana Cushman, p. 69, pl. 12, fig. 3a-c. 
1940 Planulina texana Cushman; Cushman, p. 33, pl. 6, fig. 7a-c. 
1946 Planulina texana Cushman; Cushman, p. 157, pl. 64, fig. 11. 
 
Diagnosis: The test is a low trochospiral, much compressed, rounded and tightly coiled. 
The 10–13 chambers in the final whorl are distinctive and may be slightly inflated. The 
sutures are very distinctive in last whorl, thickened towards centre and raised in the early 
portion of final whorl. The sutures are curved, thin and slightly depressed in the later 
portion.The periphery is rounded and not lobate, with a fairly acute edge but no thickened 
keel. There is a small, raised central boss on both sides. The wall is generally smooth and 
finely perforate. There is a raised spiral ridge on the ventral side by way or ornamentation. 
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Remarks: The distinctively ornamented sutures in initial portion of the final whorl, the 
clear central boss and the rounded periphery, distinguish this species from other species of 
the genus. 
 
Planulina spissocostata Cushman, 1938 
Plate 44, Fig. 1. 
 
1938 Planulina spissocostata Cushman, p. 69, pl. 12, fig. 4a-c. 
1940 Planulina spissocostata Cushman; Cushman, p. 35, pl. 6, fig. 9a-c. 
1940 Planulina spissocostata Cushman; Cushman, pp. 157-158, pl. 64, fig. 13. 
 
Diagnosis: The test is a low trochospiral, compressed, slightly planoconvex, rounded and 
closely coiled. The dorsal side is flattened while the ventral side is slightly convex. The 
dorsal side has large central boss in centre of test while the ventral side has a depression in 
the centre of the test. The numerous (12–16) chambers are very distinct, uniform in size, 
and gradually increasing with maturity. The sutures are curved and thickened, raised. The 
thickened periphery is slightly lobate. The test wall appears perforate on the chamber 
surfaces, but is smooth on the sutures and periphery. 
 
Remarks: The large and thickened sutures are the distinctive feature of this species. 
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Planulina taylorensis (Carsey, 1926) 
Plate 45, Figs 1 – 15; Plate 51, Fig. 13. 
 
1926 Anomalina taylorensis Carsey, p. 47, pl. 6, fig. 1a, b. 
1931 Planulina taylorensis (Carsey); Cushman, p. 62, pl. 12, fig. 5a-c. 
1944 Planulina taylorensis (Carsey); Cushman and Deaderick, p. 341, pl. 53, fig. 35. 
1946 Planulina taylorensis (Carsey); Cushman, p. 158, pl. 64, figs 14, 15. 
 
Diagnosis: The test is large, trochospiral, but very compressed. The chambers are very 
distinct, slightly inflated. The sutures are curved and slightly depressed. The chambers are 
uniform in size, very gradually expanding in size with maturity. The periphery is slightly 
lobate, acute and carinate.  A small central boss may be visible. The wall is smooth and 
finely, though obviously, perforate. 
 
Remarks: The large test and uniform appearance of the chambers are the distinctive 
features of this species. The presence of a keel is also characteristic and separates this taxon 
from species such as Planulina austinana. 
 
Planulina correcta (Carsey, 1926)  
Plate 44, Figs 6 – 15; Plate 51, Fig. 14. 
 
1926 Discorbis correcta Carsey, p. 45, pl. 3, fig. 5.  
1931 Discorbis correcta Carsey; Plummer, p. 188, pl. 14, figs 1-4. 
1940 Planulina correcta (Carsey); Cushman, p. 36, pl. 6, fig. 11a-c. 
1946 Planulina correcta (Carsey); Cushman, p. 158, pl. 65, fig. 1.   
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Diagnosis: The test is compressed, trochospiral and slightly plano-convex. The chambers 
are distinct, with 5–9 in the final whorl. The chambers are large, inflated, uniform in shape, 
and increasing significantly in size with maturity. The sutures are very curved and 
depressed. The wall is smooth and finely perforate. The periphery is keeled andlobate. 
 
Remarks: Although this species is small in comparison to other species of Planulina, it has 
quite large chambers that are distinctive in shape and increase rapidly with growth.  
 
Planulina nacatochensis Cushman, 1938 
 
1938 Planulina nacatochensis Cushman, p. 50, pl. 8, fig. 9. 
1946 Planulina nacatochensis Cushman; Cushman, p. 158, pl. 65, fig. 2. 
 
Diagnosis: The test is small, compressed, and almost planispral. The periphery is very 
rounded, with no keel. The chambers are distinctive with 9 in the final whorl. The chambers 
are very slightly inflated with slightly depressed sutures. The chambers are uniform in size 
and shape, increasing very gradually with maturity. The wall is smooth and finely perforate. 
The aperture has a slight lip. 
 
Remarks: This is a very rare species, which is very uniform in size and shape.  
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Family CIBICIDIAE, CUSHMAN, 1927 
Genus CIBICIDES de Montfort, 1808 
 
Type Species; Cibicides refulgens de Montfort, 1808 
Species of the genus Cibicides are often distinctly trochispiral and have often been 
interpretted as epifaunal on the basis of their overall shape. The wall is often perforate and 
there may be differences between the size of perforations on the two sides. 
 
Cibicides stephensoni Cushman, 1938 
Plate 42, Figs 1 – 20. 
 
1938 Cibicides stephensoni Cushman, p. 70, pl. 12, fig. 5. 
1946 Cibicides stephensoni Cushman; Cushman, p. 159, pl. 65, fig. 4. 
 
Diagnosis: The test is closely coiled, slightly trochoid, but compressed. The raised, central 
umbo is distinct on both the dorsal and ventral sides. The chambers are distinct, often 
inflated with slightly raised sutures. The 13-15 chambers are rather uniform in size in the 
final whorl. The test is slightly concave on one side and convex on the other.The final 
chamber is often larger than the other chambers and overlaps the previous whorl. 
 
Remarks: The distinctive central umbo and raised sutures are the distinguishing features of 
this species.  
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Cibicides harperi (Sandidge, 1932)  
Plate 41, Figs 7 – 12. 
 
1932 Anomalina harperi Sandidge,  p. 316, pl. 29, figs 1, 2. 
1940 Cibicides harperi (Sandidge); Cushman, p. 38, pl. 7, figs 3-5.  
1946 Cibicides harperi (Sandidge); Cushman, p. 159, pl. 65, figs 5-7. 
 
Diagnosis: The test, is small, trochospiral, closely coiled and almost biconvex. The 
chambers on one side are distinct, lobate, becoming increasingly inflated with growth. 
These chambers conceal the underlying chambers from the previous whorl. On the other 
side, the numerous chambers are flattened, involute, with minimal overlap onto the 
underlying chambers. There is a circular, flattened umbo in centre. 
 
Remarks: This is a variable species, which is distinctive and different on both sides. On 
ventral side, the chamber layout and arrangement may look similar to Epistomina spp. The 
dorsal side is quite distinctive with lobate, inflated, overlapping chambers. 
 
Cibicides subcarinatus Cushman and Deaderick, 1944 
Plate 41, Figs 12 – 20; Plate 51, Figs 11, 15. 
 
1944 Cibicides subcarinatus Cushman and Deaderick, p. 341 
1946 Cibicides subcarinatus Cushman and Deaderick; Cushman, pp. 159-160, pl. 65, figs 8-11. 
 
Diagnosis: The test is small, trochospiral, closely coiled and compressed. The test appears 
almost biconvex. The chambers increase gradually with growth and the sutures are distinct, 
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limbate and slightly curved or comma-shaped. The wall is perforate.  A small umbo may be 
present. The chambers fully overlap previous whorl.  The aperture is a slightly arched slit. 
 
Remarks: This is a common species, quite distinctive by virtue of the similar appearance 
of both sides, unlike most other species of Cibicdes and Anomalina, which have different 
dorsal and ventral sides. The taxonomy is complex, especially the relationship with 
Cibicides coonensis, which Cushman (1946) discusses in some detail. A list of the 
synonyms has not been generated as the author did not have access to the necessary 
material. 
 
Cibicides beaumontianus (d’Orbigny, 1840)  
Plate 41, Figs 1 – 6. 
 
1840  Truncatulina beaumontianua d’Orbigny, p. 35, pl. 3, figs 17-19.  
1936  Cibicides beaumontianus (d’Orbigny); Brotzen, p. 188. 
1940  Cibicides beaumontianus (d’Orbigny); Cushman, p. 39, pl. 7, fig. 9a-c. 
1944  Cibicides beaumontianus (d’Orbigny); Cushman and Deaderick, p. 342, pl. 53, figs 36, 37. 
1946  Cibicides beaumontianus (d’Orbigny); Cushman, p. 160, pl. 65, fig. 12. 
1989  Cibicides beaumontianus (d’Orbigny); Hart et al., pl. 7.5, figs 9, 10. 
 
Diagnosis: The test is large, strongly trochospiral and planoconvex. The dorsal side is 
slightly concave and evolute, with the ventral side strongly convex. The periphery of the 
test is sharp and slightly lobate. The chambers on the dorsal side are distinct, large, 
increasing rapidly with maturity. A small umbo may be present in the centre of the test. The 
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final chamber is often large and inflated. The sutures are depressed and gently curved. The 
wall may be perforate but can appear smooth. The test colour is often white or light grey. 
 
Remarks: This is a large, distinctive species that may resemble species of Stensiöina in its 
strongly plano-convex test shape. The types are from the White Chalk of the Paris Basin 
and the species is well known all over the chalk facies of N. W. Europe.  
 
Cibicides coonensis (Berry, 1929)  
 
1929 Truncatulina coonensis Berry, p. 12, pl. 3, figs 1-3. 
1938 Cibicides berryi Cushman, p. 71, pl. 12, fig. 6.  
1941 Cibicides coonensis (Berry); Thalmann, p. 679,   
1946 Cibicides coonensis (Berry); Cushman, p. 160, pl. 65, fig. 15.  
 
Diagnosis: The test is small, trochospiral and closely coiled. The test is almost biconvex, 
with 9–10 chambers in the final whorl. The chambers are distinct, slightly lobate, with the 
sutures slightly depressed. The wall is perforate. The dorsal side has a small raised umbo. 
The periphery is distinct and faintly carinate. 
 
Remarks: This is a rare species, cosely similar to Cibicides harperi, but with a more 
pronounced keel around periphery. Cushman (1946) retains this name though indicates that 
the species is in need of revision after a number of further records in the Gulf Coast area. 
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Plate 1. 
1. Ammobaculites fragmentaria, 6923, 1000 µm. 
2. Ammobaculites fragmentaria, 6923, 1000 µm. 
3. Ammobaculites stephensoni, 42032, 500 µm. 
4. Ammobaculites stephensoni, 45573, 500 µm. 
5. Ammobaculites subcretaceus, 26831, 500 µm. 
6. Ammobaculites subcretaceus, 26832, 500 µm. 
7. Ammobaculites texanus, 19029, 1000 µm. 
8. Ammobaculites texanus, 19029, 1000 µm. 
9. Ammobaculites texanus, 19029, 1000 µm. 
10. Ammobaculites texanus, 19029, 1000 µm. 
11. Ammobaculites texanus, 19029, 1000 µm. 
12. Ammobaculites texanus, 19029, 1000 µm. 
13. Ammobaculites texanus, 19026, 1000 µm. Holotype. 	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Plate 2.  
1. Haplophragmoides calcula, 26739, 500 µm. 
2. Haplophragmoides calcula, 26739, 500 µm. 
3. Haplophragmoides calcula, 26739, 500 µm. 
4. Haplophragmoides calcula, 26739, 500 µm. 
5. Haplophragmoides calcula, 26739, 500 µm. 
6. Haplophragmoides calcula, 26739, 500 µm. 
7. Haplophragmoides calcula, 26739, 500 µm. 
8. Haplophragmoides calcula, 26739, 500 µm. 
9. Haplophragmoides calcula, 6090, 500 µm. Holotype. 
10. Haplophragmoides eggeri, 5134, 500 µm. Holotype. 
11. Haplophragmoides excavata, 26811, 500 µm. 
12. Haplophragmoides rugosa, 6088, 500 µm. Holotype. 
13. Trochammina diagonis, 39492, 500 µm. 
14. Trochammina texana, USNM 104270, 500 µm. 
15. Trochammina taylorana, 24003, 250 µm. Holotype. 
16. Trochammina taylorana, 24004, 250 µm. 
17. Trochammina taylorana, 24004, 250 µm. 
18. Trochammina taylorana, 24004, 250 µm. 
19. Trochammina taylorana, 24004, 250 µm. 
20. Trochammina taylorana, 24004, 250 µm. 
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Plate 3. 
1. Frankeina cushmani, USNM 369688, 1000 µm. Holotype. 
2. Frankeina cushmani, USNM 369689, 1000 µm. 
3. Frankeina rugosissima, 17851, 1000 µm. 
4. Frankeina rugosissima, 17851, 1000 µm. 
5. Frankeina rugosissima, USNM P993, 1000 µm. Holotype. 
6. Frankeina rugosissima, 17851, 1000 µm. 
7. Frankeina taylorensis, 12035, 1000 µm. 
8. Frankeina taylorensis, 12035, 1000 µm. 
9. Frankeina taylorensis, 12033, 1000 µm. Holotype. 
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Plate 4. 
1. Tritaxia jarvisi, 15292, 1000 µm. Holotype. 
2. Tritaxia jarvisi, 15297, 1000 µm.  
3. Tritaxia jarvisi, 15297, 1000 µm.  
4. Tritaxia jarvisi, 15297, 1000 µm.  
5. Tritaxia jarvisi, 15297, 1000 µm.  
6. Tritaxia ellisorae, USNM 372126, 1000 µm.  
7. Tritaxia ellisorae, USNM 372126, 1000 µm.  
8. Tritaxia ellisorae, USNM 372126, 1000 µm.  
9. Tritaxia ellisorae, USNM 372126, 1000 µm.  
10. Tritaxia ellisorae, USNM 372126, 1000 µm.  
11. Tritaxia ellisorae, USNM 372126, 1000 µm.  
12. Tritaxia ellisorae, 20196, 1000 µm. Holotype. 
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Plate 5.  
1. Clavulinoides aspera, 27488, 500 µm. 
2. Clavulinoides aspera, 27488, 500 µm. 
3. Clavulinoides aspera, 27488, 500 µm. 
4. Clavulinoides aspera, 27488, 500 µm. 
5. Clavulinoides aspera, 27488, 500 µm. 
6. Clavulinoides aspera, 27488, 500 µm. 
7. Clavulinoides aspera, 27488, 500 µm. 
8. Clavulinoides aspera, 27488, 500 µm. 
9. Clavulinoides aspera, 27488, 500 µm. 
10. Clavulinoides aspera, 27488, 500 µm. 
11. Clavulinoides aspera, 27488, 500 µm. 
12. Clavulinoides aspera, 27488, 500 µm. 
13. Clavulinoides aspera, 27488, 500 µm. 
14. Clavulinoides aspera, 27488, 500 µm. 
15. Clavulinoides aspera, 27488, 500 µm. 
16. Clavulinoides aspera, 27488, 500 µm. 
17. Clavulinoides aspera, 27488, 500 µm. 
18. Clavulinoides aspera, 27488, 500 µm. 
19. Clavulinoides aspera, 27488, 500 µm. 
20. Clavulinoides aspera, 27488, 500 µm. 
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Plate 6.  
1. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
2. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
3. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
4. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
5. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
6. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
7. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
8. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
9. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
10. Clavulinoides trilatera var. concava, 27419, 1000 µm. 
11. Clavulinoides aspera var. whitei, 15309, 500 µm. 
12. Clavulinoides aspera var. whitei, 15309, 500 µm. 
13. Clavulinoides aspera var. whitei, 15309, 500 µm. 
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Plate 7.  
1. Clavulinoides trilatera, 47911, 1000 µm. 
2. Clavulinoides trilatera, 40094, 1000 µm. 
3. Clavulinoides trilatera, 40094, 1000 µm. 
4. Clavulinoides trilatera, 40094, 1000 µm. 
5. Clavulinoides trilatera, 40094, 1000 µm. 
6. Clavulinoides trilatera, 40094, 1000 µm. 
7. Clavulinoides trilatera, 40094, 1000 µm. 
8. Clavulinoides trilatera, 40094, 1000 µm. 
9. Clavulinoides trilatera, 40094, 1000 µm. 
10. Clavulinoides trilatera, 40094, 1000 µm. 
11. Clavulinoides trilatera, 40094, 1000 µm. 
12. Clavulinoides trilatera, 40094, 1000 µm. 
13. Clavulinoides trilatera, 40094, 1000 µm. 
14. Clavulinoides trilatera, 40094, 1000 µm. 
15. Clavulinoides trilatera, 40094, 1000 µm. 
16. Clavulinoides trilatera, 40094, 1000 µm. 
17. Clavulinoides trilatera, 40094, 1000 µm. 
18. Clavulinoides trilatera, 40094, 1000 µm. 
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Plate 8.  
1. Clavulinoides trilatera var. concava, 27395, 500 µm. 
2. Clavulinoides trilatera var. concava, 27395, 500 µm. 
3. Clavulinoides trilatera var. concava, 27395, 500 µm. 
4. Clavulinoides trilatera var. concava, 27395, 500 µm. 
5. Clavulinoides trilatera var. concava, 27395, 500 µm. 
6. Clavulinoides trilatera var. concava, 27395, 500 µm. 
7. Clavulinoides trilatera var. concava, 27395, 500 µm. 
8. Clavulinoides trilatera var. concava, 27395, 500 µm. 
9. Clavulinoides trilatera var. concava, 27395, 500 µm. 
10. Clavulinoides trilatera var. concava, 27395, 500 µm. 
11. Clavulinoides trilatera var. concava, 27395, 500 µm. 
12. Clavulinoides trilatera var. concava, 27395, 500 µm. 
13. Clavulinoides trilatera var. concava, 27395, 500 µm. 
14. Clavulinoides trilatera var. concava, 27395, 500 µm. 
15. Clavulinoides trilatera var. concava, 27395, 500 µm. 
16. Clavulinoides trilatera var. concava, 27395, 500 µm. 
17. Clavulinoides trilatera var. concava, 27395, 500 µm. 
18. Clavulinoides trilatera var. concava, 27395, 500 µm. 
19. Clavulinoides trilatera var. concava, 27395, 500 µm. 
20. Clavulinoides trilatera var. concava, 27395, 500 µm. 
21. Clavulinoides trilatera var. concava, 27395, 500 µm. 
22. Clavulinoides trilatera var. concava, 27395, 500 µm. 
23. Clavulinoides trilatera var. concava, 27395, 500 µm. 
24. Clavulinoides trilatera var. concava, 27395, 500 µm. 
25. Clavulinoides trilatera var. concava, 27395, 500 µm. 
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Plate 9. 
1. Gaudryina bearpawensis, 19005, 500 µm. 
2. Gaudryina bearpawensis, 19005, 500 µm. 
3. Gaudryina bearpawensis, 19005, 500 µm. 
4. Gaudryina navarroana var. crassifromis, 22128, 500 µm. 
5. Gaudryina pseudoserrata, 17621, 500 µm. 
6. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
7. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
8. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
9. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
10. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
11. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
12. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
13. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
14. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
15. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
16. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
17. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
18. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
19. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
20. Gaudryina pseudoserrata, USNM 104267, 500 µm. 
21. Gaudryina (Siphogaudryinella) austinana, 19554, 1000 µm. 
22. Gaudryina (Siphogaudryinella) austinana, 19556, 1000 µm. Holotype. 
23. Gaudryina navarroana, 17623, 500 µm. Holotype.  
24. Pseudogaudryinella capitosa, 19304, 1000 µm. Holotype.  
 
296
	   	   Chapter	  5	  -­	  Taxonomy	  
	  
	  
Plate	  9.	  	  	  	  
	  
297
	   	   Chapter	  5	  -­	  Taxonomy	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Plate 10.  
1. Pseudogaudryinella capitosa var. serrulata, 19035, 1000 µm. Holotype.  
2. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
3. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
4. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
5. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
6. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
7. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
8. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
9. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
10. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
11. Pseudogaudryinella capitosa var. serrulata, 27637, 1000 µm.  
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Plate 11.  
1. Pseudogaudryinella capitosa, 27581, 500 µm. 
2. Pseudogaudryinella capitosa, 27581, 500 µm. 
3. Pseudogaudryinella capitosa, 27581, 500 µm. 
4. Pseudogaudryinella capitosa, 27581, 500 µm. 
5. Pseudogaudryinella capitosa, 27581, 500 µm. 
6. Pseudogaudryinella capitosa, 27581, 500 µm. 
7. Pseudogaudryinella capitosa, 27581, 500 µm. 
8. Pseudogaudryinella capitosa, 27581, 500 µm. 
9. Pseudogaudryinella capitosa, 27581, 500 µm. 
10. Pseudogaudryinella capitosa, 27581, 500 µm. 
11. Pseudogaudryinella capitosa, 27581, 500 µm. 
12. Pseudogaudryinella capitosa, 27581, 500 µm. 
13. Pseudogaudryinella capitosa, 27581, 500 µm. 
14. Pseudogaudryinella capitosa, 27581, 500 µm. 
15. Pseudogaudryinella capitosa, 27581, 500 µm. 
16. Pseudogaudryinella capitosa, 27581, 500 µm. 
17. Pseudogaudryinella capitosa, 27581, 500 µm. 
18. Pseudoaudryinella capitosa, 27581, 500 µm. 
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Plate 12.  
1. Lenticulina cf. rotulata, 42097, 100 µm. 
2. Lenticulina cf. rotulata, 42097, 100 µm. 
3. Lenticulina cf. rotulata, 42097, 100 µm. 
4. Lenticulina cf. rotulata, 42097, 100 µm. 
5. Lenticulina cf. rotulata, 42097, 100 µm. 
6. Lenticulina rotulata, 28464, 100 µm. 
7. Lenticulina rotulata, 28464, 100 µm. 
8. Lenticulina rotulata, 28464, 100 µm. 
9. Lenticulina rotulata, 28464, 100 µm. 
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Plate 13.  
1. Robulus midwayensis, 1000 µm. 
2. Robulus midwayensis, 1000 µm. 
3. Robulus midwayensis, 1000 µm. 
4. Robulus midwayensis, 1000 µm. 
5. Robulus midwayensis, 1000 µm. 
6. Robulus midwayensis, 1000 µm. 
7. Robulus midwayensis, USGS1-794, 1000 µm. 
8. Robulus midwayensis, USGS1-794, 1000 µm. 
9. Robulus midwayensis, USGS1-794, 1000 µm. 
10. Robulus midwayensis, USGS1-794, 1000 µm. 
11. Robulus midwayensis, USGS1-794, 1000 µm. 
12. Robulus midwayensis, USGS1-794, 1000 µm. 
13. Robulus midwayensis, USGS1-794, 1000 µm. 
14. Robulus midwayensis, USGS1-794, 1000 µm. 
15. Robulus midwayensis, USGS1-794, 1000 µm. 
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Plate 14.  
1. Robulus stephensoni, 28435, 100 µm. 
2. Robulus stephensoni, 28435, 100 µm. 
3. Robulus stephensoni, 28435, 100 µm. 
4. Robulus stephensoni, 28435, 100 µm. 
5. Robulus stephensoni, 28450, 100 µm. 
6. Robulus stephensoni, 28438, 100 µm. 
7. Robulus stephensoni, 28438, 100 µm. 
8. Robulus stephensoni, 28450, 100 µm. 
9. Robulus stephensoni, 28450, 100 µm. 
10. Robulus stephensoni, 28450, 100 µm. 
11. Robulus stephensoni, 28450, 100 µm. 
12. Robulus stephensoni, 28450, 100 µm. 
13. Robulus stephensoni, 28450, 100 µm. 
14. Robulus stephensoni, 28450, 100 µm. 
15. Robulus stephensoni, 28450, 100 µm. 
16. Robulus stephensoni, 28450, 100 µm. 
17. Robulus stephensoni, 28450, 100 µm. 
18. Robulus stephensoni, 28450, 100 µm. 
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Plate 15.  
1. Robulus navarroensis, 24542, 100 µm. 
2. Robulus navarroensis, 28416, 100 µm. 
3. Robulus navarroensis, 28416, 100 µm. 
4. Robulus navarroensis, 28416, 100 µm. 
5. Robulus navarroensis, 28416, 100 µm. 
6. Robulus navarroensis, 28416, 100 µm. 
7. Robulus navarroensis, 28416, 100 µm. 
8. Robulus navarroensis, 28416, 100 µm. 
9. Robulus navarroensis, 28440, 100 µm. 
10. Robulus navarroensis, 28440, 100 µm. 
11. Robulus navarroensis, 28440, 100 µm. 
12. Robulus navarroensis, 28440, 100 µm. 
13. Robulus navarroensis, 28440, 100 µm. 
14. Robulus navarroensis, 28440, 100 µm. 
15. Robulus navarroensis, 28440, 100 µm. 
16. Robulus navarroensis, 28440, 100 µm. 
17. Robulus navarroensis, 28440, 100 µm. 
18. Robulus navarroensis, 28440, 100 µm. 
19. Robulus navarroensis, 28440, 100 µm. 
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Plate 16. 
1. Robulus pondi, 41899, 1000 µm. 
2. Robulus pondi, 41899, 1000 µm. 
3. Robulus pondi, 41899, 1000 µm. 
4. Robulus pondi, 1000 µm. 
5. Robulus pondi, 1000 µm. 
6. Robulus pondi, 1000 µm. 
7. Robulus pondi, 1000 µm. 
8. Robulus pondi, 1000 µm. 
9. Robulus pondi, 1000 µm. 
10. Robulus pondi, 41899, 1000 µm. 
11. Robulus pondi, 41899, 1000 µm. 
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Plate 17.  
1. Robulus spisso-costatus, 28381, 500 µm. 
2. Robulus spisso-costatus, 28381, 500 µm. 
3. Robulus spisso-costatus, 28381, 500 µm. 
4. Robulus spisso-costatus, 28381, 500 µm. 
5. Robulus spisso-costatus, 28381, 500 µm. 
6. Robulus spisso-costatus, 28381, 500 µm. 
7. Robulus spisso-costatus, 28381, 500 µm. 
8. Robulus spisso-costatus, 28381, 500 µm. 
9. Robulus spisso-costatus, 28381, 500 µm. 
10. Robulus spisso-costatus, 28381, 500 µm. 
11. Robulus spisso-costatus, 28381, 500 µm. 
12. Robulus spisso-costatus, 28381, 500 µm. 
13. Robulus spisso-costatus, 28381, 500 µm. 
14. Robulus spisso-costatus, 28381, 500 µm. 
15. Robulus spisso-costatus, 28381, 500 µm. 
16. Robulus spisso-costatus, 28381, 500 µm. 
17. Robulus spisso-costatus, 28381, 500 µm. 
18. Robulus spisso-costatus, 28381, 500 µm. 
19. Robulus spisso-costatus, 28381, 500 µm. 
20. Robulus spisso-costatus, 28381, 500 µm. 
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Plate 18.  
1. Robulus munsteri, 42391, 100 µm. 
2. Robulus munsteri, 28485, 100 µm. 
3. Robulus munsteri, 28486, 100 µm. 
4. Robulus taylorensis, 28309, 500 µm. 
5. Robulus taylorensis, 28309, 500 µm. 
6. Robulus taylorensis, 28309, 500 µm. 
7. Robulus taylorensis, 28309, 500 µm. 
8. Robulus pseudo-secans, 28344, 500 µm. 
9. Planularia dissona, 41884, 1000 µm. 
10. Planularia dissona, 41884, 1000 µm. 
11, Planularia dissona, 37924, 500 µm. Holotype. 
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Plate 19. 
1. Planularia dissona, 28497, 500 µm. 
2. Planularia dissona, 28497, 500 µm. 
3. Planularia dissona, 28497, 500 µm. 
4. Planularia dissona, 28497, 500 µm. 
5. Planularia dissona, 28497, 500 µm. 
6. Planularia dissona, 28497, 500 µm. 
7. Planularia dissona, 28497, 500 µm. 
8. Planularia dissona, 28501, 500 µm. 
9. Planularia dissona, 28501, 500 µm. 
10. Planularia dissona, 28501, 500 µm. 
11. Planularia dissona, 28501, 500 µm. 
12. Planularia dissona, 28501, 500 µm. 
13. Planularia dissona, 28501, 500 µm. 
14. Planularia dissona, 28501, 500 µm. 
15. Planularia dissona, 28501, 500 µm. 
16. Planularia dissona, 28501, 500 µm. 
17. Planularia dissona, 28501, 500 µm. 
18. Planularia dissona, 28501, 500 µm. 
19. Planularia dissona, 28501, 500 µm. 
20. Planularia dissona, 28501, 500 µm. 
21. Planularia dissona, 28504, 500 µm. 
22. Planularia dissona, 28504, 500 µm. 
23. Planularia dissona, 28504, 500 µm. 
24. Planularia dissona, 28504, 500 µm. 
25. Planularia dissona, 28504, 500 µm. 
26. Planularia dissona, 28504, 500 µm. 
27. Planularia dissona, 28504, 500 µm. 
28. Planularia dissona, 28504, 500 µm. 
29. Planularia dissona, 28504, 500 µm. 
30. Planularia dissona, 28504, 500 µm. 
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Plate 20.  
1. Planularia advena, 15317, 1000 µm. Holotype. 
2. Planularia advena, 15318, 1000 µm.  
3. Planularia advena, 28540, 1000 µm. 
4. Planularia advena, 28540, 1000 µm. 
5. Planularia advena, 28540, 1000 µm. 
6. Planularia advena, 28540, 1000 µm. 
7. Planularia advena, 28539, 1000 µm. 
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Plate 21.  
1. Marginulina austinana, 28570, 500 µm. 
2. Marginulina austinana, 28577, 500 µm. 
3. Marginulina austinana, 28577, 500 µm. 
4. Marginulina plummerae, 24031, 500 µm. 
5. Marginulina plummerae, 24030, 500 µm. Holotype. 
6. Marginulina inconstantia, 47439, 500 µm. 
7. Marginulina inconstantia, 47439, 500 µm. 
8. Marginulina inconstantia, 24553, 500 µm. Holotype 
9. Marginulina texasensis, 28636, 500 µm. 
10. Marginulina texasensis, 28638, 500 µm. 
11. Marginulina silicula, 28703, 1000 µm. 
12. Marginulina silicula, 28695, 1000 µm. 
13. Marginulina silicula, 28703, 1000 µm. 
14. Marginulina cretacea, 286112, 500 µm. 
15. Marginulina cretacea, 24018, 500 µm. Holotype. 
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Plate 22.  
1. Dentalina basiplanata, 24593a, 500 µm. 
2. Dentalina basiplanata, 38440, 500 µm. Holotype. 
3. Dentalina megalopolitana, 41952, 500 µm. 
4. Dentalina megalopolitana, 41952, 500 µm. 
5. Dentalina megalopolitana, 41858, 500 µm. 
6. Dentalina megalopolitana, 41858, 500 µm. 
7. Dentalina megalopolitana, 41952, 500 µm. 
8. Dentalina megalopolitana, 41858, 500 µm. 
9. Dentalina megalopolitana, 41952, 500 µm. 
10. Dentalina megalopolitana, 41952, 500 µm. 
11. Dentalina megalopolitana, 41952, 500 µm. 
12. Dentalina megalopolitana, 41952, 500 µm. 
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Plate 23.  
1. Dentalina lorneriana, 29216, 500 µm. 
2. Dentalina lorneriana, 29218, 250 µm. 
3. Dentalina lorneriana, 29218, 250 µm. 
4. Dentalina lorneriana, 29218, 250 µm. 
5. Dentalina solvata, 24637, 500 µm. 
6. Dentalina solvata, 24637, 500 µm. 
7. Dentalina gracilis, 29230, 500 µm. 
8. Dentalina gracilis, 29230, 500 µm. 
9. Dentalina gracilis, 29280, 500 µm. 
10. Dentalina gracilis, 29280 µm. 
11. Dentalina aculeata, 41852, 250 µm. 
12. Dentalina aculeata, 41852, 250 µm. 
13. Dentalina aculeata, 41852, 250 µm. 
14. Dentalina aculeata, USNM 492136, 250 µm. 
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Plate 24.  
1. Nodosaria velascoensis, 15390, 500 µm. 
2. Nodosaria velascoensis, 46621, 500 µm. 
3. Nodosaria affinis, 500 µm. 
4. Nodosaria affinis, 500 µm. 
5. Nodosaria affinis, 500 µm. 
6. Nodosaria affinis, 29394, 500 µm. 
7. Nodosaria affinis, 29394, 500 µm. 
8. Nodosaria affinis, 29394, 500 µm. 
9. Nodosaria affinis, 29394, 500 µm. 
10. Nodosaria affinis, 29394, 500 µm. 
11. Nodosaria affinis, 29394, 500 µm. 
12. Nodosaria affinis, 29394, 500 µm. 
13. Nodosaria affinis, 500 µm. 
14. Nodosaria affinis, 500 µm. 
15. Nodosaria affinis, 500 µm. 
16. Nodosaria affinis, 29394, 500 µm. 
17. Nodosaria affinis, 500 µm. 
18. Nodosaria affinis, 29394, 500 µm. 
19. Nodosaria affinis, 29394, 1000 µm. 
20. Nodosaria affinis, 29394, 500 µm. 
21. Nodosaria affinis, 29394, 500 µm. 
22. Nodosaria affinis, 500 µm. 
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Plate 25. 
1. Nodosaria affinis, 29424, 500 µm. 
2. Nodosaria affinis, 29424, 500 µm. 
3. Nodosaria affinis, 29424, 500 µm. 
4. Nodosaria affinis, 29424, 500 µm. 
5. Nodosaria affinis, 29500, 500 µm. 
6. Nodosaria affinis, 29500, 500 µm. 
7. Nodosaria affinis, 29424, 500 µm. 
8. Nodosaria affinis, 29424, 500 µm. 
9. Nodosaria affinis, 29424, 500 µm. 
10. Nodosaria affinis, 29500, 500 µm. 
11. Nodosaria affinis, 29500, 500 µm. 
12. Nodosaria affinis, 29500, 500 µm. 
13. Nodosaria affinis, 29500, 500 µm. 
14. Nodosaria affinis, 29500, 500 µm. 
15. Nodosaria affinis, 29424, 500 µm. 
16. Nodosaria affinis, 29424, 500 µm. 
17. Nodosaria affinis, 29500, 500 µm. 
18. Nodosaria affinis, 29500, 500 µm. 
19. Nodosaria affinis, 29424, 500 µm. 
328
	   	   Chapter	  5	  -­	  Taxonomy	  
	  
	  
Plate	  25.	  
	  
	  
	  
	  
	  
329
	   	   Chapter	  5	  -­	  Taxonomy	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Plate 26.  
1. Vaginulina cretacea, 29796, 500 µm. 
2. Vaginulina cretacea, 29803, 500 µm. 
3. Vaginulina cretacea, 29803, 500 µm. 
4. Vaginulina cretacea, 29834, 1000 µm. 
5. Vaginulina cretacea, 29834, 1000 µm. 
6. Vaginulina cretacea, 29830, 500 µm. 
7. Vaginulina cretacea, 29830, 500 µm. 
8. Vaginulina cretacea, 29830, 500 µm. 
9. Vaginulina cretacea, 29830, 500 µm. 
10. Vaginulina cretacea, 29834, 500 µm. 
11. Vaginulina cretacea, 29834, 500 µm. 
12. Vaginulina cretacea, 29834, 500 µm. 
13. Vaginulina cretacea, 29834, 500 µm. 
14. Vaginulina cretacea, 29834, 500 µm. 
15. Vaginulina cretacea, 29834, 500 µm. 
16. Vaginulina cretacea, 29834, 500 µm. 
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Plate 27.  
1. Vaginulina cretacea, 29830, 500 µm. 
2. Vaginulina cretacea, 29830, 500 µm. 
3. Vaginulina cretacea, 29830, 500 µm. 
4. Vaginulina cretacea, 29830, 500 µm. 
5. Vaginulina cretacea, 29830, 500 µm. 
6. Vaginulina cretacea, 29830, 500 µm. 
7. Vaginulina cretacea, 29830, 500 µm. 
8. Vaginulina cretacea, 29830, 500 µm. 
9. Vaginulina taylorana, 24572, 1000 µm. Holotype. 
10. Vaginulina taylorana, 24574, 1000 µm. Paratype. 
11. Vaginulina taylorana, 24574, 1000 µm. Paratype. 
12. Vaginulina taylorana, 24574, 1000 µm. Paratype. 
13. Vaginulina taylorana, 24574, 500 µm. Paratype. 
14. Vaginulina taylorana, 24574, 1000 µm. Paratype. 
15. Vaginulina texana, 22216, 500 µm. Holotype. 
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Plate 28. 
1. Vaginulina webbervillensis, 21703, 1000 µm. 
2. Vaginulina webbervillensis, 21704, 1000 µm. 
3. Vaginulina webbervillensis, 41771, 1000 µm. 
4. Vaginulina webbervillensis, 41771, 1000 µm. 
5. Vaginulina webbervillensis, 15175, 1000 µm. 
6. Vaginulina webbervillensis, 41771, 1000 µm. 
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Plate 29.  
1. Vaginulina multicostata, 22215, 500 µm. Holotype. 
2. Vaginulina multicostata, 29775, 500 µm. 
3. Vaginulina multicostata, USNM 104279, 500 µm. 
4. Palmula pilulata, 24576, 1000 µm. 
5. Palmula pilulata, 24577, 1000 µm.  
6. Palmula pilulata, 24575, 1000 µm. Holotype. 
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Plate 30. 
1. Ellipsonodosaria alexanderi, 23254, 500 µm. Holotype. 
2. Ellipsonodosaria alexanderi, 24509, 500 µm.  
3. Ellipsonodosaria alexanderi, 24509, 500 µm.  
4. Ellipsonodosaria alexanderi, 24509, 500 µm.  
5. Ellipsonodosaria alexanderi, 24509, 500 µm.  
6. Ellipsonodosaria alexanderi, 24509, 500 µm.  
7. Ellipsonodosaria alexanderi, 24509, 500 µm.  
8. Ellipsonodosaria alexanderi, 24509, 500 µm.  
9. Ellipsonodosaria alexanderi, 24509, 500 µm.  
10. Ellipsonodosaria alexanderi, 24509, 500 µm.  
11. Ellipsonodosaria alexanderi, 24509, 500 µm.  
12. Ellipsonodosaria alexanderi, 24509, 500 µm.  
13. Ellipsonodosaria alexanderi, 24509, 500 µm.  
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Plate 31. 
1. Ellipsonodosaria exilis, 33332, 500 µm. 
2. Ellipsonodosaria exilis, 33332, 500 µm. 
3. Ellipsonodosaria exilis, 33332, 500 µm. 
4. Ellipsonodosaria exilis, 23251, 500 µm. 
5. Ellipsonodosaria exilis, 23252, 1000 µm. 
6. Ellipsonodosaria jarvisi, 9705, 500 µm. Holotype. 
7. Ellipsonodosaria jarvisi, 9704, 500 µm. 
8. Ellipsonodosaria jarvisi, 9704, 500 µm. 
9. Ellipsonodosaria stephensoni, 33298, 250 µm. 
10. Ellipsonodosaria stephensoni, 33298, 250 µm. 
11. Ellipsonodosaria stephensoni, 33298, 250 µm. 
12. Ellipsonodosaria stephensoni, 33298, 250 µm. 
13. Ellipsonodosaria stephensoni, 33298, 250 µm. 
14. Ellipsonodosaria stephensoni, 33298, 250 µm. 
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Plate 32.  
1. Globulina lacrima, 15205, 250 µm. 
2. Globulina lacrima, 39499, 250 µm. 
3. Globulina lacrima var. subsphaerica, 42242, 250 µm. 
4. Globulina lacrima var. subsphaerica, 46665, 250 µm. 
5. Guttulina adhaerens, 15202, 250 µm. 
6. Guttulina adhaerens, 15202, 250 µm. 
7. Guttulina adhaerens, 31000, 250 µm. 
8. Guttulina adhaerens, 31000, 250 µm. 
9. Guttulina adhaerens, 39448, 250 µm. 
10. Pseudopolymorphina cuyleri, 30994, 500 µm. 
11. Pseudopolymorphina cuyleri, 30994, 500 µm. 
12. Pseudopolymorphina cuyleri, 30986, 1000 µm. 
13. Pseudopolymorphina cuyleri, 30986, 500 µm. 
14. Pseudopolymorphina cuyleri, 30986, 1000 µm. 
15. Pseudopolymorphina cuyleri, 30986, 1000 µm. 
16. Pseudopolymorphina cuyleri, 30986, 1000 µm. 
17.Pseudopolymorphina cuyleri, 30986, 1000 µm. 
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Plate 33.  
1. Guttulina triqonula, 31012, 250 µm.  
2. Guttulina triqonula, 31012, 250 µm.  
3. Guttulina triqonula, 31012, 250 µm.  
4. Guttulina triqonula, 31012, 250 µm.  
5. Guttulina triqonula, 31012, 250 µm.  
6. Guttulina triqonula, 31010, 250 µm.  
7. Guttulina triqonula, 31010, 250 µm.  
8. Guttulina triqonula, 31010, 250 µm.  
9. Guttulina triqonula, 31010, 250 µm.  
10. Guttulina triqonula, 31010, 250 µm.  
11. Guttulina triqonula, 31010, 250 µm.  
12. Guttulina triqonula, 31010, 250 µm.  
13. Guttulina triqonula, 31010, 250 µm.  
14. Guttulina triqonula, 31010, 250 µm.  
15. Guttulina triqonula, 31010, 250 µm.  
16. Guttulina triqonula, 31010, 250 µm.  
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Plate 34.  
1. Bulimina aspera, USGS 6437, 250 µm.  
2. Bulimina aspera, USGS 6437, 250 µm.  
3. Bulimina aspera, USGS 6437, 250 µm.  
4. Bulimina aspera, USGS 6437, 250 µm.  
5. Bulimina aspera, USGS 6437, 250 µm.  
6. Bulimina aspera, USGS 6437, 250 µm.  
7. Bulimina aspera, USGS 6437, 250 µm.  
8. Bulimina aspera, USGS 6437, 250 µm.  
9. Bulimina aspera, USGS 6437, 250 µm.  
10. Bulimina aspera, USGS 6437, 250 µm.  
11. Bulimina aspera, USGS 6437, 250 µm.  
12. Bulimina aspera, USGS 6437, 250 µm.  
13. Bulimina kickapooensis, 42016, 250 µm.  
14. Bulimina kickapooensis, 47802, 250 µm.  
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Plate 35.  
1. Bulimina reussi, 250 µm.  
2. Bulimina reussi, 250 µm.  
3. Bulimina reussi, 250 µm.  
4. Bulimina reussi, 250 µm.  
5. Bulimina reussi, 250 µm.  
6. Bulimina reussi, 250 µm.  
7. Bulimina reussi, 250 µm.  
8. Bulimina reussi, 250 µm.  
9. Bulimina reussi, 250 µm.  
10. Bulimina reussi, 250 µm.  
11. Bulimina reussi, 250 µm.  
12. Bulimina reussi, 250 µm.  
13. Bulimina reussi, 250 µm.  
14. Bulimina reussi, 250 µm.  
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Plate 36. 
1. Buliminella carseyae, 32396, 250 µm.  
2. Buliminella carseyae, 32396, 250 µm.  
3. Buliminella carseyae, 32396, 250 µm.  
4. Buliminella carseyae, 32396, 250 µm.  
5. Buliminella carseyae, 32396, 250 µm.  
6. Buliminella carseyae, 32396, 250 µm.  
7. Buliminella carseyae, 32396, 250 µm.  
8. Buliminella carseyae, 32396, 250 µm.  
9. Buliminella carseyae, 32396, 250 µm.  
10. Buliminella carseyae, 32396, 250 µm.  
11. Buliminella carseyae, 32396, 250 µm.  
12. Buliminella carseyae, 32396, 250 µm.  
13. Buliminella carseyae, 32396, 250 µm.  
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Plate 37.  
1. Pseudouvigerina cretacea, 32365, 250 µm.  
2. Pseudouvigerina cretacea, 32365, 250 µm.  
3. Pseudouvigerina cretacea, 32365, 250 µm.  
4. Pseudouvigerina cretacea, 32375, 250 µm.  
5. Pseudouvigerina cretacea, 32317, 100 µm.  
6. Pseudouvigerina cretacea, 32317, 100 µm.  
7. Pseudouvigerina cretacea, 32317, 100 µm.  
8. Pseudouvigerina cretacea, 32317, 100 µm.  
9. Pseudouvigerina cretacea, 32317, 100 µm.  
10. Pseudouvigerina cretacea, 32317, 100 µm.  
11. Pseudouvigerina cretacea, 32317, 100 µm.  
12. Pseudouvigerina cretacea, 32317, 100 µm.  
13. Pseudouvigerina cretacea, 32317, 100 µm.  
14. Pseudouvigerina cretacea, 32317, 100 µm.  
15. Pseudouvigerina cretacea, 32317, 100 µm.  
16. Pseudouvigerina cretacea, 32317, 100 µm.  
17. Pseudouvigerina cretacea, 32317, 100 µm.  
18. Pseudouvigerina cretacea, 32317, 100 µm.  
19. Pseudouvigerina seligi, 32326, 100 µm.  
20. Pseudouvigerina seligi, 32317, 100 µm.  
21. Pseudouvigerina seligi, 32326, 100 µm.  
22. Pseudouvigerina seligi, 32326, 100 µm.  
23. Pseudouvigerina seligi, 32326, 100 µm.  
24. Pseudouvigerina seligi, 32326, 100 µm.  
25. Pseudouvigerina seligi, 32317, 100 µm.  
26. Pseudouvigerina seligi, 32317, 100 µm.  
27. Pseudouvigerina seligi, 32317, 100 µm.  
28. Pseudouvigerina seligi, 32326, 100 µm.  
29. Pseudouvigerina seligi, 32326, 100 µm.  
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Plate 38.  
1. Pseudouvigerina plummerae, 32362, 100 µm.  
2. Pseudouvigerina plummerae, 32362, 100 µm.  
3. Pseudouvigerina plummerae, 32362, 100 µm.  
4. Pseudouvigerina plummerae, 32362, 100 µm.  
5. Pseudouvigerina plummerae, 32362, 100 µm.  
6. Pseudouvigerina plummerae, 32362, 100 µm.  
7. Pseudouvigerina plummerae, 32362, 100 µm.  
8. Pseudouvigerina plummerae, 32362, 100 µm.  
9. Pseudouvigerina plummerae, 32362, 100 µm.  
10. Pseudouvigerina plummerae, 32362, 100 µm.  
11. Pseudouvigerina plummerae, 32362, 100 µm.  
12. Pseudouvigerina plummerae, 32362, 100 µm.  
13. Pseudouvigerina plummerae, 32362, 100 µm.  
14. Pseudouvigerina plummerae, 32362, 100 µm.  
15. Pseudouvigerina plummerae, 32362, 100 µm.  
16. Pseudouvigerina plummerae, 32362, 100 µm.  
17. Pseudouvigerina plummerae, 32362, 100 µm.  
18. Pseudouvigerina plummerae, 32362, 100 µm.  
19. Pseudouvigerina plummerae, 32362, 100 µm.  
20. Pseudouvigerina plummerae, 32362, 100 µm.  
21. Pseudouvigerina plummerae, 32362, 100 µm.  
22. Pseudouvigerina plummerae, 32362, 100 µm.  
23. Pseudouvigerina plummerae, 32331, 100 µm.  
24. Pseudouvigerina plummerae, 32331, 100 µm.  
25. Pseudouvigerina plummerae, 32331, 100 µm.  
26. Pseudouvigerina plummerae, 32331, 100 µm.  
27. Pseudouvigerina plummerae, 32331, 100 µm.  
28. Pseudouvigerina plummerae, 32331, 100 µm.  
29. Pseudouvigerina plummerae, 32331, 100 µm.  
30. Pseudouvigerina plummerae, 32331, 100 µm.  
31. Pseudouvigerina plummerae, 32331, 100 µm.  
32. Pseudouvigerina plummerae, 32331, 100 µm.  
33. Pseudouvigerina plummerae, 32331, 100 µm.  
34. Pseudouvigerina plummerae, 32331, 100 µm.  
354
	   	   Chapter	  5	  -­	  Taxonomy	  
	  
	  
Plate	  38.	  	  	  	  	  	  
355
	   	   Chapter	  5	  -­	  Taxonomy	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Plate 39.  
1. Stensioina americana, 35124, 250 µm. Holotype. 
2. Stensioina americana, 35126, 250 µm.  
3. Stensioina americana, 35126, 250 µm.  
4. Stensioina americana, 35126, 250 µm.  
5. Stensioina americana, 35126, 250 µm.  
6. Stensioina americana, 35126, 250 µm.  
7. Stensioina americana, 35126, 250 µm.  
8. Stensioina americana, 35126, 250 µm.  
9. Stensioina americana, 35126, 250 µm.  
10. Stensioina americana, 35126, 250 µm.  
11. Eponides haidingerii, 15997, 250 µm.  
12. Eponides haidingerii, 15997, 250 µm.  
13. Eponides haidingerii, 15997, 250 µm.  
14. Eponides haidingerii, 15997, 250 µm.  
15. Eponides haidingerii, 15997, 250 µm.  
16. Epistomina caracolla, 39530, 500 µm.  
17. Siphonina prima, 33524, 250 µm.  
18. Siphonina prima, 33524, 250 µm.  
19. Siphonina prima, 33524, 250 µm.  
20. Gyroidina depressa, USNM 642659, 250 µm.  
21. Gyroidina depressa, USNM 642659, 250 µm.  
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Plate 40.  
1. Anomalina henbesti, 42262, 250 µm.  
2. Anomalina clementiana, 38619, 250 µm.  
3. Anomalina clementiana, 38619, 250 µm.  
4. Anomalina clementiana, 38619, 250 µm.  
5. Anomalina clementiana, 38619, 250 µm.  
6. Anomalina clementiana, 38619, 250 µm.  
7. Anomalina clementiana, 38619, 250 µm.  
8. Anomalina pseudopapillosa, 26454, 250 µm.  
9. Anomalina pseudopapillosa, 26454, 250 µm.  
10. Anomalina pseudopapillosa, 26454, 250 µm.  
11. Anomalina pseudopapillosa, 26454, 250 µm.  
12. Anomalina pseudopapillosa, 26454, 250 µm.  
13. Anomalina pseudopapillosa, 26454, 250 µm.  
14. Anomalina pseudopapillosa, 26454, 250 µm.  
15. Anomalina pseudopapillosa, 26454, 250 µm.  
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Plate 41. 
1. Cibicides beaumontianus, 40291, 500 µm.  
2. Cibicides beaumontianus, 34688, 500 µm.  
3. Cibicides beaumontianus, 34688, 500 µm.  
4. Cibicides beaumontianus, 34688, 500 µm.  
5. Cibicides beaumontianus, 34688, 500 µm.  
6. Cibicides beaumontianus, 34688, 500 µm.  
7. Cibicides harperi, 34680, 200 µm.  
8. Cibicides harperi, 34680, 200 µm.  
9. Cibicides harperi, 34680, 200 µm.  
10. Cibicides harperi, 34680, 200 µm.  
11. Cibicides harperi, 34680, 200 µm.  
12. Cibicides harperi, 34680, 200 µm.  
13. Cibicides subcarinatus, USNM 642689, 250 µm.  
14. Cibicides subcarinatus, USNM 104295, 250 µm.  
15. Cibicides subcarinatus, 42514, 250 µm. 
16. Cibicides subcarinatus, 42514, 250 µm. 
17. Cibicides subcarinatus, USNM 104295, 250 µm. 
18. Cibicides subcarinatus, 42514, 250 µm. 
19. Cibicides subcarinatus, 42514, 250 µm. 
20. Cibicides subcarinatus, 42514, 250 µm. 
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Plate 42.  
1. Cibicides stephensoni, 47362, 500 µm. 
2. Cibicides stephensoni, 34658, 500 µm. 
3. Cibicides stephensoni, 34658, 500 µm. 
4. Cibicides stephensoni, 34658, 500 µm. 
5. Cibicides stephensoni, 34658, 500 µm. 
6. Cibicides stephensoni, 34658, 500 µm. 
7. Cibicides stephensoni, 34658, 500 µm. 
8. Cibicides stephensoni, 34658, 500 µm. 
9. Cibicides stephensoni, 34658, 500 µm. 
10. Cibicides stephensoni, 34658, 500 µm. 
11. Cibicides stephensoni, 34658, 500 µm. 
12. Cibicides stephensoni, 34658, 500 µm. 
13. Cibicides stephensoni, 34658, 500 µm. 
14. Cibicides stephensoni, 34658, 500 µm. 
15. Cibicides stephensoni, 34658, 500 µm. 
16. Cibicides stephensoni, 34658, 500 µm. 
17. Cibicides stephensoni, 34658, 500 µm. 
18. Cibicides stephensoni, 34658, 500 µm. 
19. Cibicides stephensoni, 34658, 500 µm. 
20. Cibicides stephensoni, 34658, 500 µm. 
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Plate 43.  
1. Pulvinulinella texana, 40254, 250 µm. 
2. Pulvinulinella texana, 26450, 250 µm. 
3. Pulvinulinella texana, 26450, 250 µm. 
4. Pulvinulinella texana, 26450, 250 µm. 
5. Pulvinulinella glabrata, 34076, 250 µm. 
6. Pulvinulinella glabrata , 34076, 250 µm. 
7. Pulvinulinella glabrata , 34075, 250 µm. 
8. Pulvinulinella glabrata , 34075, 250 µm. 
9. Pulvinulinella glabrata , 34075, 250 µm. 
10. Pulvinulinella glabrata , 34075, 250 µm. 
11. Pulvinulinella glabrata , 34075, 250 µm. 
12. Pulvinulinella glabrata , 34075, 250 µm. 
13. Pulvinulinella glabrata , 34075, 250 µm. 
14. Pulvinulinella glabrata , 34075, 250 µm. 
15. Pulvinulinella glabrata, 34075, 250 µm. 
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Plate 44. 
1. Planulina spissocostata, 38028, 250 µm. 
2. Planulina austinana, 26258, 250 µm. 
3. Planulina austinana, 26258, 250 µm. 
4. Planulina austinana, 26258, 250 µm. 
5. Planulina austinana, 26258, 250 µm. 
6. Planulina correcta, 26344, 250 µm. 
7. Planulina correcta, 26344, 250 µm. 
8. Planulina correcta, 26344, 250 µm. 
9. Planulina correcta, 26344, 250 µm. 
10. Planulina correcta, 26344, 250 µm. 
11. Planulina correcta, 26344, 250 µm. 
12. Planulina correcta, 26344, 250 µm. 
13. Planulina correcta, 26344, 250 µm. 
14. Planulina correcta, 26344, 250 µm. 
15. Planulina correcta, 26344, 250 µm. 
16. Planulina eaglefordensis, 34493, 250 µm. 
17. Planulina eaglefordensis, 34493, 250 µm. 
18. Planulina eaglefordensis, 34493, 250 µm. 
19. Planulina eaglefordensis, 34493, 250 µm. 
20. Planulina eaglefordensis, 34493, 250 µm. 
21. Planulina eaglefordensis, 34493, 250 µm. 
22. Planulina eaglefordensis, 34493, 250 µm. 
23. Planulina eaglefordensis, 34493, 250 µm. 
24. Planulina eaglefordensis, 34493, 250 µm. 
25. Planulina eaglefordensis, 34493, 250 µm. 
26. Planulina eaglefordensis, 34493, 250 µm. 
27. Planulina eaglefordensis, 34493, 250 µm. 
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Plate 45.  
1. Planulina taylorensis, 26290, 250 µm. 
2. Planulina taylorensis, 26290, 250 µm. 
3. Planulina taylorensis, 26290, 250 µm. 
4. Planulina taylorensis, 26290, 250 µm. 
5. Planulina taylorensis, 26290, 250 µm. 
6. Planulina taylorensis, 26290, 250 µm. 
7. Planulina taylorensis, 26290, 250 µm. 
8. Planulina taylorensis, 26290, 250 µm. 
9. Planulina taylorensis, 26290, 250 µm. 
10. Planulina taylorensis, 26290, 250 µm. 
11. Planulina taylorensis, 26290, 250 µm. 
12. Planulina taylorensis, 26290, 250 µm. 
13. Planulina taylorensis, 26290, 250 µm. 
14. Planulina taylorensis, 26290, 250 µm. 
15. Planulina taylorensis, 26290, 250 µm. 
16. Planulina texana, 26387, 250 µm. 
17. Planulina texana, 26387, 250 µm. 
18. Planulina texana, 26387, 250 µm. 
19. Planulina texana, 26387, 250 µm. 
20. Planulina texana, 26387, 250 µm. 
21. Planulina texana, 26387, 250 µm. 
22. Planulina texana, 26387, 250 µm. 
23. Planulina texana, 26387, 250 µm. 
24. Planulina texana, 26387, 250 µm. 
25. Planulina texana, 26387, 250 µm. 
26. Planulina texana, 26387, 250 µm. 
27. Planulina texana, 26387, 250 µm. 
28. Planulina texana, 26387, 250 µm. 
29. Planulina texana, 26387, 250 µm. 
30. Planulina texana, 26387, 250 µm. 	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Plate 46. 
1. Proteonina difflugiformis, 100 µm. Riverbank 4-5, Sample E 
2. Haplophragmoides calcula, 100 µm. Riverbank 4-5, Sample E 
3. Haplophragmoides calcula, 100 µm. Riverbank 4-5, Sample F 
4. Gaudryina sp., 100 µm. Riverbank 4-5, Sample N 
5. Pseudogaudryinella capitosa, 100 µm. Riverbank 4-5, Sample D 
6. Pseudogaudryinella sp., 200 µm. Riverbank 4-5, Sample G 
7. Pseudogaudryinella sp., 200 µm. Riverbank 4-5, Sample G 
8. Frankeina cushmani, 200 µm. Riverbank 4-5, Sample N 
9. Frankeina cushmani, 200 µm. Riverbank 4-5, Sample N 
10. Frankeina rugosissima (?), 200 µm. Riverbank 4-5, Sample N 
11. Frankeina taylorensis, 500 µm. Riverbank 4-5, Sample N 
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Plate 47. 
1. Pseudouvigerina plummerae (Ruesella spinosa?). 50 µm. Riverbank 4-5, Sample F 
2. Pseudouvigerina plummerae (Ruesella spinosa?). 100 µm. Riverbank 4-5, Sample F 
3 a. Pseudouvigerina seligi. 50 µm. Riverbank 4-5, Sample F 
3 b. Pseudouvigerina seligi. Wall structure. 2 µm. Riverbank 4-5, Sample F 
4. Ellipsonodosaria alexanderi (broken). 100 µm. Riverbank 4-5, Sample N 
5. Bulimina aspera. 100 µm. Riverbank 4-5, Sample L 
6 a. Bulimina aspera. 100 µm. Riverbank 4-5, Sample L 
6 b. Bulimina aspera. Wall structure. 1 µm. Riverbank 4-5, Sample L 
7. Bolivina incrassata. 50 µm. Riverbank 4-5, Sample L 
8. Bolivina incrassata. 50 µm. Riverbank 4-5, Sample L 
9. Vaginulina multicosta. 200 µm. Riverbank 4-5, Sample N 
10. Palmula rugosa. 200 µm. Riverbank 4-5, Sample P 
11. Bullopora tuberculata. 500 µm. Riverbank 4-5, Sample N 
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Plate 47. 
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Plate 48. 
1. Globulina sp. 50 µm. BRAZOS-1, Sample G 
2 a. Globulina lacrima. 100 µm. BRAZOS-1, Sample G 
2 b. Globulina lacrima. Wall structure. 5 µm. BRAZOS-1, Sample G 
3. Pseudopolymorphina cf. cuyleri. 100 µm. BRAZOS-1, Sample F 
4. Globulina lacrima var. subsphaerica. 50 µm. BRAZOS-1, Sample F 
5. Marginulina cretacea. 200 µm. Riverbank 4-5, Sample M 
6. Marginulina inconstantia. 200 µm. Riverbank 4-5, Sample M 
7. Marginulina austinana. 100 µm. Riverbank 4-5, Sample L 
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Plate 49. 
1. Nodosaria affinis. 200 µm. Riverbank 4-5, Sample L 
2. Nodosaria affinis. 500 µm. Riverbank 4-5, Sample L 
3. Nodosaria affinis. 200 µm. Riverbank 4-5, Sample L 
4. Nodosaria affinis. 200 µm. Riverbank 4-5, Sample L 
5. Nodosaria affinis. 500 µm. Riverbank 4-5, Sample L 
6. Nodosaria affinis. 500 µm. Riverbank 4-5, Sample L 
7. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
8. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
9. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
10. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
11. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
12. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
13. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
14. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
15. Vaginulina cretacea. 500 µm. Riverbank 4-5, Sample L 
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Plate 49. 
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Plate 50. 
1. Ellipsonodosaria exilis. 500 µm. BRAZOS -1, Sample K 
2. Dentalina basiplanata. 200 µm. BRAZOS -1, Sample K 
3. Dentalina megapolitana. 200 µm. BRAZOS -1, Sample K 
4. Marginulina texasensis. 200 µm. BRAZOS -1, Sample K 
5. Dentalina megapolitana. 500 µm. BRAZOS -1, Sample L 
6. Dentalina gracilis. 500 µm. BRAZOS -1, Sample L 
7. Marginulina austinana. 200 µm. Riverbank 4-5, Sample L 
8. Dentalina basiplanata. 500 µm. BRAZOS -1, Sample Q 
9. Dentalina sp. 500 µm. BRAZOS -1, Sample Q 
10. Marginulina texasensis. 200 µm. BRAZOS -1, Sample Q 
11. Marginulina sp. 200 µm. Riverbank 4-5, Sample F 
12. Marginulina cf. austinana. 200 µm. Riverbank 4-5, Sample F 
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Plate 50. 
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Plate 51. 
1. Gyroidina depressa. 50 µm. BRAZOS-1, Sample R 
2. Gyroidina sp. 50 µm. BRAZOS-1, Sample U 
3. Eponides haidingerii. 100 µm. Riverbank 4-5, Sample G 
4. Eponides haidingerii. 100 µm. Riverbank 4-5, Sample G 
5. Pulvinulinella texana. 50 µm. Riverbank 4-5, Sample G 
6. Pulvinulinella texana. 50 µm. Riverbank 4-5, Sample G 
7. Anomalina sp. 100 µm. BRAZOS-1, Sample U 
8. Stensioina americana. 100 µm. BRAZOS-1, Sample U 
9. Anomalina henbesti. 100 µm. BRAZOS-1, Sample U 
10. Planulina sp. 100 µm. BRAZOS-1, Sample U 
11. Cibicides subcarinatus. 50 µm. Riverbank 4-5, Sample D 
12. Cibicides sp. 100 µm. Riverbank 4-5, Sample D 
13. Planulina taylorensis. 50 µm. Riverbank 4-5, Sample G 
14. Planulina correcta. 50 µm. Riverbank 4-5, Sample D 
15. Cibicides subcarinatus. 50 µm. Riverbank 4-5, Sample F 
16. Valvulineria infrequens. 100 µm. Riverbank 4-5 
17. Valvulineria sp. 100 µm. Riverbank 4-5, Sample L 
18. Cibicides sp. 100 µm. Riverbank 4-5, Sample C 
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Plate 51. 
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Plate 52. 
1. Lenticulina sp. cf. “A”. 500 µm. Riverbank 4-5, Sample M 
2. Lenticulina sp. cf. “A”, aperture view. 100 µm. Riverbank 4-5, Sample M 
3. Lenticulina sp. “B”. 200 µm. Riverbank 4-5, Sample L 
4. Lenticulina sp. “C”. 200 µm. Riverbank 4-5, Sample L 
5. Robulus munsteri. 200 µm. Riverbank 4-5, Sample P 
6. Lenticulina(?) sp. 200 µm. Riverbank 4-5, Sample P 
7. Lenticulina sp. cf. “B”. 200 µm. Riverbank 4-5, Sample L 
8. Robulus navarroensis. 200 µm. Riverbank 4-5, Sample M 
9. Lenticulina sp. “B”. 500 µm. Riverbank 4-5, Sample L 
10. Lenticulina sp. “D”. 500 µm. Riverbank 4-5, Sample K 
11. Lenticulina sp. cf. “B”. 200 µm. Riverbank 4-5, Sample K 
12. Robulus sp. 200 µm. Riverbank 4-5, Sample L 
13. Lenticulina sp. “A”. 200 µm. Riverbank 4-5, Sample M 
14 a. Lenticulina sp. cf. “A”. 500 µm. Riverbank 4-5, Sample M 
14 b. Aperture view. 50 µm. Riverbank 4-5, Sample M 
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Plate 52. 
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Plate 53. 
1. Robulus pondi. 100 µm. Riverbank 4-5, Sample H 
2. Robulus munsteri. 100 µm. Riverbank 4-5, Sample L 
3. Robulus munsteri. 100 µm. Riverbank 4-5, Sample L 
4. Lenticulina rotulata. 100 µm. Riverbank 4-5, Sample G 
5. Planularia cf. dissona (deformed). 200 µm. Riverbank 4-5, Sample H 
6. Lenticulina sp. (deformed). 100 µm. Riverbank 4-5, Sample I 
7. Lenticulina sp. (deformed). 100 µm. Riverbank 4-5, Sample H 
8. Lenticulina sp. (deformed). 100µm. Riverbank 4-5, Sample H 
9. Lenticulina rotulata. 100 µm. Riverbank 4-5, Sample H 
10 a. Lenticulina rotulata. 200 µm. Riverbank 4-5, Sample G 
10 b. Aperture view. 20 µm. Riverbank 4-5, Sample G 
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6. SEDIMENTOLOGY  
The sedimentology is an important factor in the K/Pg sections on Brazos River area as it 
assisted the understanding of micropaleontology and stratigraphy. Sedimentary logs 
from the Brazos River area have been poorly presented, stylised or are missing from the 
published literature. Several sedimentary descriptions and logs from various sections 
(Riverbank South, Cottonmouth Creek and Darting Minnow Creek) have been produced 
following two periods of fieldwork. The boundary complex was particularly examined 
and evidence for the mode of origin sought. Darting Minnow Creek and Cottonmouth 
Creek were examined in their entirety, field relationships determined, successions 
logged and sampled where possible. The Cretaceous/Paleogene (K/Pg) boundary 
complex is highly variable amoung all of the sections, and has been described in some 
detail. Where necessary, sections were carefully excavated, cleaned and then restored.  
 
6.1. Lithologic Units of the Brazos River Area  
A composite log has been produced, summarising the sedimentological observations 
and general stratigraphy of the Brazos River area (Fig. 6.1.). 
Maastrichtian  
In all sections, the uppermost Maastrichtian mudstones are characterised by the 
presence of small, rare Plummerita hantkeninoides Brönnimann, which is the zonal 
indicator for the uppermost Cretaceous. P. hantkeninoides is used as a zonal marker 
instead of the more commonly used Abathomphalus mayaroensis (Bolli) as this is a 
much deeper-dwelling species and is not present within the Brazos sections. P. 
hantkeninoides individuals are, however, much smaller, have reduced spines, and are 
less well-ornamented than those from deeper water environments (Robaszynski et al., 
1989; MacLeod et al., 2007). As a result, juvenile forms of P. hantkeninoides may be 
overlooked or even mis-identified.  
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Figure 6.1. Composite log of outcrops in the Brazos River area based on field observations of creek and 
riverbank exposures. K/Pg boundary placement based on the definition of the ICS and Molina et al., 
(2006). Abbreviations after Yancey (1996); HCS, Hummocky Cross Bedded Sandstones; LCH, Lower 
Concretion Horizon; MSB, Middle Sandstone Bed; DSB, Dirty Sandstone Bed; UCH, Upper Concretion 
Horizon; RPH, Rusty Pyrite Horizon. 
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The uppermost Maastrichtian sediments are dark grey/black indurated mudstones. 
These mudstones are very well sorted, have occasional, fine lamination within them and 
contain occasional, grey coloured, calcareous concretions. Macrofossil debris is evident 
throughout; normally bivalves, that are often bleached and delicate. Ammonites are 
present within the latest Maastrichtian outcrop and act as an excellent biostratigraphic 
marker for the uppermost Cretaceous. A number of Baculites spp. have been found 
during the fieldwork. Multiple Baculites spp. specimens were recovered from the three 
Mullinax cores while these were being studied at Princeton University.  
The Maastrichtian appears to be represented almost entirely by laminated, uniform, 
mudstones, that are occasionally massive, with the exception of a fine quartzose 
sandstone bed that occurs upstream of the Riverbank North (RBN) section. A similar, 
possibly the same, fine to medium, well-consolidated sandstone is also be present in the 
Mullinax-1 core ~9.5 m below the ‘Event Bed’. Apart from this sandstone the 
Maastrichtian is a near-uniform mudstone succession.  
The uppermost Maastrichtian surface is an erosional unconformity that has a relatively 
smooth but undulating topography that is visible in some of the larger exposures. Using 
the definition of the K/Pg boundary provided by Molina et al. (2006), all sediments that 
lie on or above this surface belong to the earliest Paleogene.  
Lowermost Paleocene  
Resting on this erosion surface, a matrix supported mudstone conglomerate is locally 
deposited. This conglomerate contains large clasts of ripped up Maastrichtian 
mudstones (with occasional concretions) up to 1 metre in diameter that are sub-rounded 
and deposited in stratigraphic lows as part of so-called mass flow deposits (Yancey and 
Liu, 2013). The thickness of these deposits is highly variable and their occurrence in 
exposures around the Brazos River area is limited. These mudstone conglomerates were 
not observed as the exposures are now covered by modern day river deposits but are 
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documented by Yancey and Liu (2013).  
The ‘Event Bed’ is highly variable due to its deposition within the troughs of eroded 
Maastrichtian mudstones. In the deepest part of these troughs, the ‘Event Bed’ sits upon 
the mudstone conglomerates. The lowermost part of this unit consists of a shell lag, full 
of reworked foraminifera, macrofaunal debris, ichthyoliths and fish bones (Fig. 6.2). 
This shell lag also contains large amounts of secondary gypsum, glauconite and 
reworked spherules from the Chicxulub impact.  
Figure 6.2. The ‘Spherule Bed’ in the Riverbank south section. The K/Pg boundary (orange dashed line) 
separates the dark Maastrichtian mudstones from the orange clay-rich, horizon which contains the 
reworked Chicxulub spherules, while the contact with the overlying sandstones is marked with the white 
dashed line. Scale bar ~30 cm.  
 
The thickness and appearance of this horizon, often referred to as the ‘spherule bed’ in 
published literature, is highly variable and may also contain large reworked clasts of 
Maastrichtian mudstone. The impact spherules included within this horizon are, 
crucially, not graded unlike other, more distal, K/Pg sites such as on Demerara Rise 
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(MacLeod et al., 2007). This indicates that these spherules have been reworked along 
with the other components of this shell lag horizon. Often, this shell lag deposit is 
completely absent, as shown in Figure 6.3. Overlying this ‘spherule bed’, a series of 
interbeded mudstones and sandstones are capped with a thick sandstone body that 
displays hummocky cross-stratification and climbing ripple packages (Fig. 6.3). The 
interbeded mudstones frequently contain localised horizons of gastropods and bivalves. 
The appearance and thickness of these interbedded sandstones and mudstones is highly 
variable.  
Figure 6.3. ‘Event Bed’ at Riverbank South approximately 10 metres south from Figure 6.2. At this 
location, the shell lag (with spherules) is completely absent and HCS sandstones belonging to the earliest 
Paleogene rest directly upon dark Maastrichtian mudstones. The K/Pg boundary is located at the top of 
the dark mudstones. 30 cm ruler for scale.  
 
The lowermost Paleocene is a 5 – 6 m succession of mudstones, siltstones and 
sandstones extending from the top of the ‘Event Bed’ sandstones up to the contact with 
the overlying Pleistocene gravels at the top of the section. In larger, well-exposed 
sections, particularly those on the Brazos Riverbank, the exposure can cover the entire 
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stratigraphic range. The Paleocene exposures are often quite homogeneous with only 
slight variations in grain size and colour that are visible in the field. The most 
distinguishing feature of the Paleocene sediments is the presence of a number of 
horizontal to sub-horizontal nodule and concretion horizons. These nodule and 
concretion horizons are excellent markers, especially in the creeks where the exposures 
need to be walked and mapped carefully. These horizons were first described by 
Yancey (1996) and his terminology is used to describe these horizons. Yancey and Liu 
(2013) have recently re-named these horizons as units and, although not used here, will 
be discussed in the following descriptions.  
The lithostratigraphical beds identified by Yancey (1996) along Cottonmouth Creek are 
increasingly well developed towards the south of the area. Along the Brazos River bank 
and Darting Minnow Creek these horizons locally produce ledges of large concretions 
and commonly contain abundant Thalassinoides burrows. The finer grained sediments 
encasing the carbonate concretions also contain many small pyrite concretions, a 
relationship best seen in the strata beside section CM4 and along the lower reaches of 
Darting Minnow Creek.  
The lowermost Paleocene sediments that cap the ‘Event Bed’ are very fine-grained silts 
that are black, slightly indurated and show some occasional lamination. Shell debris and 
other macrofauna in these siltstones are rare and, when observed, are often broken and 
indistinguishable. This horizon often contains abundant pyrite strands that are the 
altered infill of sub-horizontal burrows of mm scale (perhaps very occasionally cm 
scale). The presence of the infilled burrows and, therefore, bioturbation, is the reason 
for the apparent lack of lamination.  
The LCH (Lower Calcareous Concretion) horizon of Yancey (1996) is a bed that now 
contains a higher carbonate content. This horizon is easily identifiable in the field and 
useful for the identification of stratigraphic position, in relation to the ‘Event Bed’ (Fig. 
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6.4). It is characterised by the presence of large rounded nodules, which have often 
replaced large Thalassinoides burrows, producing irregular concretions set in the 
mudstone.  
Figure 6.4. Lower Concretion Horizon (LCH) marked out by the red arrow above the ruler (30 cm) by a 
sub-horizontal horizon of “cement stone” nodules and Thalassinoides burrows. The ruler sits just above 
the ‘Event Bed’ here at Riverbank South with ~50 cm between the cap of the ‘Event Bed’ and the LCH at 
this locality.  
 
The section coarsens to a fine to medium sand a further ~1 m up the section into the 
most prominent bed of the section. This is a coarser-grained, condensed deposit 
containing calcitic shells (mostly small pycnodontids) and moulds of aragonitic shells 
LCH 
MSB 
‘Event 
Bed’ 
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and phosphatic steinkerns. This unit is a laterally persistent horizon of a medium-
grained condensed sandstone unit (MSB, Middle Sand Bed, of Yancey, 1996). This bed 
contains highly abundant macro-fossil debris, mainly consisting of oysters, pyritic and 
phosphatic stienkerns of gastropods, large-sized foraminifera, bivalves and associated 
shell debris set in a matrix of mud and a small amount of quartz (< 1%). Occasional 
large Thalassinoides burrows are also present within the top of this unit and often form 
a resistant ledge, which is very useful for the identification of this horizon in the field 
(Fig. 6.1). The presence of a concentration of steinkerns and small phosphatic 
concretions in sediments with common Thalassinoides burrows may indicate 
accumulation as a condensed deposit in a transgressive system tract, as suggested by 
Hansen et al. (1993).  
Separated by a thin (~30 cm) silty horizon on top of the condensed horizon is another, 
much thinner condensed unit of fine to medium sands (DSB, Dirty Sand Bed, of 
Yancey, 1996). Yancey (1996) described this horizon as a quartzose sand that was 
“irregularly developed” along the creeks. However, this horizon has been found to be 
laterally continuous and quite distinctive in the field (Fig. 6.5), especially picked out by 
well-developed macro-fossil (oyster) horizons at all locations. These oysters are the 
phosphatic steinkerns of large pycnodontids up to 2 cm long and form a distinctive 
band. The interpretation of Yancey (1996) of these sands being ‘quartzose’ in character 
is contested, as these sands appear to be massive matrix-supported sands with a quite 
muddy matrix. This condensed unit consisting of the MSB and DSB is semi-lithified at 
the top and the bottom and slightly less lithified in the middle. Calcareous horizons 
containing common carbonate concretions embedded in claystones occur a short 
distance above and below the condensed section sands (UCH and LCH horizons 
respectively).  
Immediately capping this unit is a 10 – 20 cm prominent horizon of large 
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Thalassinoides burrows (Fig. 6.6) and calcareous nodules (UCH, Upper Calcareous 
Concretion horizon, of Yancey, 1996) that is very similar to the lower LCH horizon 
(Fig.6.7). This upper horizon of calcareous mudstones (UCH) is easily distinguished 
from the LCH horizon as it is capped by an obvious reddened horizon. This horizon 
(RPH, Rusty Pyrite Concretion, of Yancey, 1996) is a series of large, ovate pyrite 
concretions where the pyrite has oxidised and rusted to create this orange, rusty colour 
(Fig. 6.8). Fresh pyrite in this horizon is rare. These pyritic horizons may be replaced 
burrow infill, although Yancey (1996) suggests that they are just lowstand deposits. 
These are mostly weathered to iron oxides, and the horizon is best seen in the lower 
reaches of Cottonmouth Creek, near the Brazos River.  
Figure 6.5. Well developed ‘Middle Sandstone Bed’ (MSB) and ‘Dirty Sandstone Bed’ (DSB), exposed 
at Darting Minnow Creek. The shovel rests upon the LCH horizon, which is visible at the waterline. The 
shovel covers the stratigraphic interval of the MSB, which is capped by the better cemented and 
prominent DSB above the shovel handle.  
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The remaining few metres of succession above this level are only seen in certain parts 
of the Brazos river area (e.g., near the mouth of Cottonmouth Creek, Darting Minnow 
Creek and also at Riverbank South). In most creek and riverbank sections, this interval 
has been eroded off, being replaced by Pleistocene river sands and gravels. Where it is 
exposed, the remaining stratigraphy is a fining-up sequence into clay-grade mudstones 
with abundant small rusty pyrite concretions and macro-fossil debris. Near the top of 
the section, whole specimens of small bivalves and occasional gastropods are observed.  
Figure 6.6. Large Thalassinoides burrow that helps mark out the Upper Concretion Horizon (UCH) in the 
section at Riverbank South near the former Brazos-2 location. 30 cm ruler for scale.  
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Figure 6.7. UCH horizon exposed on the creek bed of Cottonmouth Creek by the shovel. In the 
foreground (right), the Rusty Pyrite Horizon (RPH) is exposed within the black mudstones ~30 cm above 
the UCH at Cottonmouth Creek.  
Figure 6.8. The Upper Concretion Horizon (UCH) and Rusty Concretion Horizon (RPH) exposed on the 
side of Cottonmouth Creek. The UCH is the prominent calcareous light grey horizon at the base of the 
ruler (30 cm scale) while the RPH is exposed >30 cm above this horizon within dark mudstones. 
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Early studies on the Brazos succession focused on three riverbank sections (Brazos-1, 
Brazos-2 and Brazos-3) which were described by Hansen et al. (1984) and Jiang and 
Gartner (1986). Subsequent investigations included data from adjacent riverbed 
exposures and sections at the small waterfalls on Cottonmouth and Darting Minnow 
creeks (Hansen et al., 1987; Bourgeois et al., 1988; Yancey, 1996; Smit et al., 1996). 
The Brazos-1, Brazos-2 and Brazos-3 sections are now covered by flood-plain deposits, 
which necessitated shifting focus to studies of the riverbed and stream sections and to 
cores drilled adjacent to these sites. Recently, areas of riverbank between Cottonmouth 
and Darting Minnow creeks that were previously obscured have been cleared of soil and 
now reveal additional exposures in the southern area of outcrop. In this southern area, 
the boundary-event deposits are thinner than in the northern area, lacking the mudstone 
conglomerates, whereas the basal Paleocene deposits contain a well-defined succession 
of layers that are traceable over the area. Recent work has also extended study to areas 
north of the Rt. 413 Bridge, where extensive exposures (during low-water conditions) of 
uppermost Cretaceous strata are available in the riverbed and riverbanks. The Brazos 
Riverbank West and Brazos Riverbank North sections (RBW, RBN) are included in our 
investigations to establish a baseline for depositional trends before and during the time 
of impact disturbance and deposition of the event deposits, preceding the return to 
normal, off-shore shelf, depositional environments represented by the Kincaid 
Formation (lowermost Paleocene).  
6.1.1. Riverbank South (RBS)  
New research on the K/Pg boundary includes investigation of both creek successions 
from the waterfalls to the confluence with the Brazos River and the discovery of a major 
new exposure south of the now covered Brazos-2 section. This 100 metre-long 
riverbank section exposes the most complete succession of the boundary interval known 
in the area (Fig. 6.9). The Brazos Riverbank South (RBS) section was logged (Fig. 
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6.10) and sampled in October 2010 and October 2011 when river levels were low and 
exposed strata down to the uppermost Maastrichtian mudstones of the Corsicana 
Formation. The lithostratigraphical markers of the Paleocene succession, described by 
Yancey (1996), are well exposed and are traceable between the creeks. These 
lithostratigraphical markers are also prominent along the RBS riverbank exposure, even 
visible in a satellite image of the area (Fig. 6.9). This section provides a reference for 
mapping the lower reaches of Darting Minnow Creek downstream of the waterfall, 
where the Paleocene succession is variably exposed in the stream banks.  
Dark grey mudstones of the Maastrichtian form the base of the section near water level 
in the RBS section. These mudstones are fine grained, very well sorted and are fissile 
and soft at the water level due to weathering but when they are excavated, the dark 
mudstones are very well indurated and quite hard. The fissile appearance picks out 
subtle laminiation present within these Maastrichtian mudstones. Shell fragments are 
common throughout, often bleached and quite delicate. Occasional whole specimens of 
bivalves are observed, but these are also delicate and bleached. Hummocky cross-
stratified (HCS) sands of the event horizon, underlain by a thin lag of spherule-bearing 
sand, rest upon these black mudstones unconformably. This field relationship can be 
observed by the onlapping of this ‘Event Bed’ on top of truncated lamination in the 
Maastrichtian mudstones.  
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Figure 6.9. Satellite image of the Riverbank South (RBS) section. The prominent nodule horizons and 
sand horizons are clearly visible as flat lying sub-horizontal horizons in the Brazos River bank. Image 
from Google Earth.  
 
The outstanding aspect of this exposure is that the event-deposit sand layers are inclined 
and pinch out down-river, onlapping onto Maastrichtian mudstones. The overlying 
Paleocene units are essentially flat-lying and continuous. The ‘Event Deposit’ is 
inclined only as a result of being draped over a ‘positive’ feature at the top of the 
Maastrichtian mudstones (Fig. 6.11). This feature is confined to the lowermost 
Paleocene mudstones. The nodule horizons are prominent on the riverbank and act as 
excellent marker horizons (Fig. 6.12).  
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Figure 6.10. Sedimentary log of the Riverbank South outcrop. The HCS sandstone body is exposed at 15 
– 53 cm, LCH at 90 – 110 cm, MSB at 160 – 210 cm, DSB at 255 – 285 cm, UCH at 315 – 350 cm and 
RPH at 370 – 380 cm. This is the only section where the entire stratigraphic succession is exposed 
without a gap.  
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Figure 6.11. A) Photograph of RBS section from across the Brazos River. The nodule horizons can 
clearly be seen as well as the sandstone HCS body pinching out onto the Maastrichtian mudstones. B) 
Sketch of the photograph picking out all the marker horizons and the HCS sandstone pinching out. The 
‘Spherule Bed’ is just seen above the water level. 
 
Figure 6.12. Prominent nodule horizons and sandstone bodies act as excellent markers on the riverbank 
side. Prof. Hart is pointing out the K/Pg boundary with the end of the shovel. The sandstone body pinches 
out at this point and dips into the river in the background (black rucksack is on bedding surface).  
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At the top of the positive feature, the Maastrichtian/Paleocene (K/Pg) interface is 
marked by a thin bivalve-shell pavement of juvenile oysters (Fig. 6.13). At this point in 
the section, Maastrichtian mudstones are directly overlain by Paleocene mudstones and 
siltstones with only a shell pavement at the boundary. This feature has never been 
reported in the Brazos River area. In the southern outcrop area the event-deposit sands 
are locally absent, as previously reported for sections Brazos-2 (absent) and Brazos-3 
(very thin) by Hansen et al. (1984). This relationship is exceptionally well illustrated in 
the RBS section and was first observed by Plummer (1926, p. 57) as a series of small 
anticlines, but her description has long since been forgotten. These mounds were 
measured by using the LCH near-horizontal marker as a datum from which the main 
HCS sandstone body and Maastrichtian erosional surface could be measured (Fig. 6.14). 
The mounded topography has an amplitude of >1 metre and a wavelength of c. 25 
metres. From the profile, it can be clearly seen that the spherule bed infilled the most 
negative areas of the troughs and onlaps upon the Maastrichtian mudstones. The 
overlying HCS sandstone body onlaps onto the Maastrichtian mudstones and fills up the 
remaining accommodation space, pinching out against the most positive part of the 
Maastrichtian mounds.  
Figure 6.13. Oyster spat exposed on the top of the Maastrichtian ‘high’ at Riverbank South. Prof. Yancey 
is sitting at the point where the sandstone body pinches out against the positive Maastrichtian feature and 
indicating the oysters (left). Close up image of the oyster colonisation (right).  
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An undulating, erosional surface that represents the K/Pg boundary is also observed at 
Miller’s Ferry, Alabama (Olsson et al., 1996) and Mussel Creek, Alabama (M. B. Hart, 
pers. comm., 2013). The spherule-bearing sands are clay rich and sticky to the touch, 
with a rusty red colouration (Fig. 6.2). This thin horizon (>10 cm at its thickest point) 
contains abundant shell debris, ichthyoliths, fish bones, large benthic foraminifera 
(specifically Lenticulina spp. that are visible under a hand lens) as well as a significant 
proportion of glauconite, gypsum and calcite that is visible in the field. The HCS sands 
that cap this horizon are buff coloured, fine to medium sands that have mm scale fining 
up packages in each horizon, again visible with a hand lens. The sands are friable and 
well-laminated at the base with distinct multiple hummocky cross-stratification 
packages (Fig. 6.15). The thickness of this unit is variable, but has a maximum 
thickness of ~40 cm. The HCS unit commonly weathers to a pale rose colour in the 
field. The top of the unit is undulating and ‘lumpy’, probably reflecting the undulating 
nature of the individual HCS packages. The top of the unit is also commonly, locally, 
bioturbated with cylindrical burrows 1 – 2 cm in diameter and with a maximum length 
of 20 cm. The burrow infill is often a coarser-grained sand with some shell fragments 
observed in the field.  
Figure 6.15. Medium sandstone horizon at RBS. Ripple packages seen within the sandstone body consist 
of climbing ripple and HCS packages. The sandstone is more weathered here due to its proximity to the 
river.  
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Strata above the event deposit contain several lithostratigraphic and chemostratigraphic 
markers associated with recovery from high-energy disturbance and formation of a 
condensed section of deposits. These are best developed in the southern area of outcrop 
spanning Cottonmouth and Darting Minnow creeks and the banks of the Brazos River 
(Riverbank South section) where they occur within a 5-m section overlain by a thin 
interval of claystone (Fig. 6.12).  
Above the ‘Event Bed’ and shell pavement in the RBS section, Paleocene deposits are 
beautifully exposed in a ~6-m-thick succession. A thin (5 – 10 cm) clay grade dark bed 
caps the ‘Event Bed’ and/or the Maastrichtian mudstones. A thin (1 -2 mm) 
unconsolidated orange-coloured fine sand horizon is often present between these beds. 
The clay grade bed of the basal Paleocene is light grey in colour and easily 
distinguished from the black Maastrichtian mudstones below. Frequent thin strands of 
pyrite representing altered burrow infill and infrequent shell debris are present within 
this otherwise distinctive unit that has probably been highly bioturbated. This section 
grades from a claystone to a mudstone at the lower calcareous concretion horizon 
(LCH), which forms a distinct marker that is unaffected by the undulating topography 
of the uppermost Maastrichtian mudstones and boundary complex and serves as an ideal 
datum within the section. The LCH unit is very prominent in the side of the riverbank, 
jutting out of the section and picked out by a prominent line of ‘cement stone’ 
calcareous nodules and sporadic Thalassinoides burrows. The base of the condensed-
sandstone bed (MSB of Yancey, 1996) is the most prominent unit, separated from the 
LCH horizon by 0.4 m of grey mudstone to siltstone. The condensed interval of fine 
sand consists of a 30 cm thick lower zone containing abundant calcitic shells 
(particularly of small gastropods < 5 cm in diameter), phosphatic steinkerns, small 
pycnodonitid bivalves and sporadic Thalassinoides burrows. The Thalassinoides 
burrows in this unit are not laterally continuous and do not form prominent horizons 
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like other Thalassinoides horizons in the succession. The field relationships of these 
marker horizons can be seen in Figure 6.16. This is overlain by 45 cm of finer grained 
sediment (siltstones) with commonly abundant shell material, small burrows, and large 
benthic foraminifera that are visible in the field: a feature also noted by Plummer 
(1926). The top of the condensed section consists of 25 cm of massive, well-
consolidated, fine grained foraminiferal sands with phosphatic steinkerns and small 
pycnodonitid bivalves. This upper part of the condensed section is the Dirty Sand Bed 
(DSB) of Yancey (1996) and has a distinctive, sharp contact at its base. The top of the 
DSB unit is capped with a very distinctive horizon of large (~5 cm) phosphatic 
steinkerns of pycnodonitids that occur in a laterally continuous shell band.  
Figure 6.16. Marker Horizons at RBS. The LCH is exposed at the base of the photograph, with the DSB 
and UCH at the top of the outcrop. The MSB is in between these units where the 30 cm ruler is placed. 
The pink-coloured fine sands near the ruler are part of a Neptunian dyke that brings Pliestocene material 
into the Paleocene succession from the overlying strata (just below the trees).  
LCH 
DSB 
UCH 
MSB 
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The DSB fines to siltstone, with some very fine mudstone horizons and approximately 
30 cm of laminated silty sediment containing sporadic shell material that occurs above 
the condensed section. This is overlain by a thick (40 cm) calcareous-concretion horizon 
with large, cemented Thalassinoides burrows up to 20 cm in diameter. This prominent 
marker is part of the Upper Calcareous Horizon (UCH) of Yancey (1996). A horizon of 
large rusty pyrite nodules in dark massive mudstones occurs 20 cm above the UCH 
horizon and this is the Rusty Pyrite Horizon (RPH) of Yancey (1996)  
Above the RPH concretion level is ~1 m of dark grey, massive siltstones with rare shell 
fragments and small burrows. Also within this bed are numerous weathered pyrite 
concretions, that are probably the remnants of larger burrows that have been infilled 
with pyrite and fine-grained sediment. The remaining ~90 cm to the top of the RBS 
succession consists of finely laminated black claystones that contain abundant shell 
fragments, rare small bivalves and some pyrite concretions. The clays are rather 
unconsolidated in the uppermost part of the exposure, which is probably the result of the 
proximity to the overlying Pleistocene gravels and sands.  
6.1.2. Riverbank North (RBN)  
Immediately below the Route 413 bridge on the eastern side of the Brazos River is a 
10m long exposure of ~2 m of black uppermost Maastrichtian mudstones. These 
mudstones are very fine grained, well sorted and are laminated, often weathering along 
this lamination to give a blocky appearance. There is abundant shell material within this 
outcrop; mostly large (~1 cm), bleached, delicate bivalves and abundant associated shell 
debris. The lamination picks out subtle bedding that dips gently towards the south (Fig. 
6.17) and the large sandstone bodies from the ‘Event Bed’ that are visibly exposed in 
the riverbed at Riverbank 4-5 and Brazos-1 further downstream. The section is capped 
by Pleistocene sands and gravels. Near the high water level, a 2 – 4 cm laterally 
continuous red/orange bed is exposed, dipping gently towards the south.  
Chapter 6 - Sedimentology
407
  
Figure 6.17. Black Maastrichtian mudstones that dip gently towards the south (towards the Rt. 413 
bridge in the background). Bedding can be picked out by the thin, orange coloured bentonite that is 
present from the base of the ruler and dips gently towards the waterline. 30 cm ruler for scale. 
 
This horizon is soft, full of clay minerals, secondary gypsum and is heavily weathered. 
In the field this was recorded as a bentonite horizon (Fig. 6.18). This was subsequently 
confirmed by the presence of zircons and other magmatic minerals when a sample was 
analysed. This represents another bentonite horizon that has been found in the Brazos 
River area that is comparable to the orange/yellow horizon recorded at Cottonmouth 
Creek, which has been also confirmed as a bentonite horizon by the presence of zircons 
and other magmatic minerals. The bentonite at Riverbank North is possibly at a lower 
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stratigraphical level than that in Cottonmouth Creek, measured by using the ‘Event Bed’ 
as a datum in both cases.  
Figure 6.18. Orange, weathered, clay rich horizon within the black Maastrichtian mudstones. This 
horizon is recorded as a bentonite, similar to that described at Cottonmouth Creek waterfall (see Keller et 
al., 2009).  
 
The RBN bentonite has been calculated as being approximately 5 – 8 m below the 
‘Event Bed’ at this point. The presence of faults, minor folding and other ‘undulations’ 
in the area (see Yancey et al., 1996) make a simple distance/dip calculation impossible. 
The only marker bed occurs ~100 m further north from Riverbank North, near a small 
island, where a pale yellow sandstone is seen crossing the river in an orientation that is 
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parallel to the regional strike direction. This sandstone is similar, if not the same, as the 
sandstone body intersected by the Mullinax-1 core, ~9.5 m below the K/Pg boundary.  
6.1.3. Brazos River Bed – Riverbank sections (RB1 – RB7, Brazos-1) 
The bed of the Brazos River downstream of the Highway 413 bridge provides an 
intermittent exposure of the uppermost Maastrichtian and the K/Pg boundary 
succession. The water level in the river controls access to the exposures which are also 
separated by minor faulting and local variations in dip (Yancey, 1996, fig. 4). Many 
previous workers (e.g., Yancey, 1996; Gale 2006; Hart et al., 2012; Yancey and Liu, 
2013) have used this series of exposures and the succession is well-known. The 
uppermost Maastrichtian is represented by dark mudstones with occasional calcareous 
mudstone concretions. Shell material is visible throughout and shows the preservation 
of aragonite.  
Overlying an undulating surface of Maastrichtian mudstones (which by the definition of 
Molina et al., 2006, must be the K/Pg boundary) rests a mudstone-supported 
‘conglomerate’ (matrix supported conglomerate) of rounded mudstone clasts and 
reworked calcareous mudstone concretions (Fig. 6.19). This conglomerate can be > 1m 
in thickness, though it is usually much less. The conglomerate is locally missing in 
several exposures on the Riverbank sections (Fig. 6.20). The conglomerate is highly 
variable in distribution, leading Gale (2006) to suggest that it was deposited in a series 
of channels.  
Overlying the conglomerate, in places, is < 20 cm of coarse, shell-rich and spherule-rich 
sand. This is not present everywhere. Overlying both the conglomerate and spherule-
rich layer is a series of cross-bedded medium to fine sandstones, often with thin 
mudstone interbeds. Upper surfaces of the sandstones are often covered in parallel 
ripple marks (Fig. 6.20), small burrow systems (Fig. 6.21) and long (<2 m) 
Thalassinoides burrow systems (Fig. 6.22). There is often a thin (~ 10 cm), resistant 
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fine sandstone at the top of the K/Pg boundary complex, which is overlain by the 
Paleocene mudstones. Thin sections of the Riverbank HCS sandstones can be seen in 
Figures 6.23 and 6.24. A comprehensive sedimentological description, including 
sedimentary logs and field photographs can be seen in Yancey (1996) and Yancey and 
Liu (2013). 
Figure 6.19. Mudstone conglomerate overlain by HCS sandstone horizon. The pick is resting upon the 
conglomerate horizon with large clasts of mudstone and siltstone exposed in the foreground.  
Figure 6.20. In situ Maastrichtian mudstone with the mudstone conglomerate missing. Above this is the 
‘Event Bed’ with a package of HCS sandstones.  
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Figure 6.21. Top of HCS sandstone horizon in the river bed section. Elongate, cylindrical burrows are 
evident throughout the top of this sandstone.  
 
Figure 6.22. Very large Thalassinoides bifurcating burrow system on top of HCS sandstone body, 
exposed in the riverbed section.  
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Figure 6.23. Thin sections from the HCS sandstone body at RB-1. A) Benthic formaminfera (Lenticulina 
sp.) with calcite overgrowth in a poorly sorted sand. B) Biserial planktic foraminifera (Heterohelix? sp.) 
within a muddy, poorly sorted matrix. C) Bivalve shell fragments and benthic foraminifera, some 
showing calcite overgrowth. D) Large planktic foraminifera (probably Rugoglobigerina sp.) in medium, 
well sorted sandstone. E) Bivalve fragments with calcite overgrowth in a ‘muddy’ sand matrix. F) 
Planktic foraminifera, biserial and ‘globular’ species, showing calcite overgrowth in poorly sorted matrix. 
All scale bars 100 μm.  
 
 
Chapter 6 - Sedimentology
413
  
 
Figure 6.24. Thin section of HCS sandstone horizon at RB-4. A) Large, ‘globular’ planktic foraminifera 
(Rugoglobigerina sp.) and small biserial planktic foraminiera (Heterohelix? sp.) with some calcite 
overgrowth within a poorly sorted, medium sandstone. B) Poorly sorted medium sandstone with angular 
clasts, mud clasts, bioclastic debris and glauconite grains. Scale bars are 100 μm.  
 
6.1.4. Cottonmouth Creek  
At Cottonmouth Creek, the uppermost Maastrichtian is only visible for ~1.5 m. A 
sedimentary log of this section and the ‘Event Bed’ at Cottonmouth Creek is shown in 
figure 6.25. The lowermost Paleogene is shown in sedimentary logs in figure 6.26, 6.27 
and 6.28. These are black, fine-grained and very well sorted claystones and mudstones. 
Fine lamination, on a mm scale, was observed consistently throughout, with the heavily 
fractured outcrops often following this lamination. These uppermost Maastrichtian 
rocks are soft and slightly fissile, being described (in the field) as shales. Bivalves and 
associated shell fragments are abundant throughout, though complete specimens, which 
can be 1.5 cm in diameter, appear to be quite rare. The shell fragments are very 
abundant, accounting for up to 40% of the sediment in some places. This bioclastic 
material is bleached white and very fragile, with many specimens disintegrating to the 
touch. This may be a consequence of modern weathering by leaching of groundwater.  
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Figure 6.25. Sedimentary log of the ‘Event Bed’ at Cottonmouth Creek, CMC section.  
 
Abundant shell material. 
Bivalves plus fragments. 
Fine lamination also 
present  
Red clay layer sits 
unconformably on black 
shales, capped by nodule 
horizon  
Abundant shell material, 
fragments in clay matrix. 
Coarsens into fine sands 
with abundant gypsum 
Ripple packages in 
medium, bounded by thin 
clay horizons. See figure 
6.29 for mineralogy 
Hummocky cross-
stratification in thicker 
fine to medium sands. 
Undulating contact. See 
figure 6.31 for mineralogy 
Large sub-horizontal 
burrows of up to 5 cm in 
diameter cap the HCS 
units 
PG 
 
K 
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Figure 6.26. Sedimentary log of the unit overlying the HCS unit. Key on Figure 6.25. 
Figure 6.27. Sedimentary log further into the lowermost Paleocene at Cottonmouth Creek. Key on Figure 
6.25. 
Undulating base resting on HCS unit. 
Very fine lamination 
Parallel lamination, not as fine as 
below 
Shell fragments (bivalve) 
Sub-horizontal burrows, infilled with 
pyrite. 0.5 cm diameter max. 
Larger burrows (2 – 3 cm in diameter) 
Small burrows pyritised along with large 
amounts of bivalves and shell fragments 
No burrows, and less shell fragments. 
Whole specimens of bivalves and 
gastropods now dominate 
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Figure 6.28. Sedimentary log for the MSB and DSB outcrops at Cottonmouth Creek. Key on Figure 6.25. 
 
Conchoidal fracturing 
Increased amounts of shell 
material (fragments, bivalves and 
gastropods). Shell material well 
preserved. Coarsening to silt 
grade 
Bands of large (3 – 5 cm) 
bivalves and gastropods 
Distinct bands of large 
gastropods (2 – 4 cm) 
Coarsening to medium sandstones 
Distinct bands of bivalves 
 
Fine parallel lamination 
MSB 
DSB 
LCH 
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Below the waterfall at Cottonmouth Creek, a yellow-weathering, thin (c. 5 cm) bed is 
observed approximately 70 cm below the ‘Event Bed’ (Fig. 6.29). This yellow/orange 
sub-horizontal horizon, which is enclosed within dark Maastrichtian mudstones, is full 
of secondary gypsum and is heavily weathered. This yellow bed is comparable to that 
found at Riverbank North, although this horizon appears to be straigraphically higher 
and closer to the ‘Event Bed’. This would suggest that it may be younger than the 
Riverbank North horizon. This Cottonmouth Creek bed was described in the field as a 
bentonite as a result of to its appearance and the presence of gypsum.  
 
Figure 6.29. Bentonite horizon exposed at Cottonmouth Creek Waterfall. The ‘Event Bed’ outcrops at 
the top of the photograph. Prof. Hart providing the scale.  
The boundary between the Maastrichtian shales and overlying ‘Event Bed’ is sharp, 
sub-horizontal at CM-4 and CM-1, undulating at other sections and clearly 
unconformable (Fig. 6.30). A thin red layer (1-2 cm) of clay is present immediately 
above the contact and is perhaps a diagenetic feature. Nodules, up to cobble size (12 – 
15 cm), and a layer of very fine-grained, well sorted, light grey ‘cement stones’ are 
present above this red layer (Fig. 6.31).  
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Figure 6.30. Contact between the Maastrichtian mudstones and the ‘Event Bed’ at Cottonmouth Creek 
Waterfall. The top of the ruler marks the contact with the dark Maastrichtian mudstones (below) and the 
base of the ‘Event Bed’. A small nodule horizon at the tip of the ruler marks the base of the ‘Event Bed’, 
above which is a series of HCS sandstones. 
 
Figure 6.31. Large ‘cement stone’ nodules are present at the base of the ‘Event Bed’ at Cottonmouth 
Creek. These nodules sit within the uppermost dark Maastrichtian mudstones at the base of the ‘Spherule 
Bed’, which is very thin and a rusty-brown colour: see right edge of photograph.  
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These nodules are overlain by a light grey, reddened, muddy shell lag horizon, the 
‘Spherule Bed’. This horizon is full of bivalves that are highly fragmented; some oyster 
fragments are also present. This bed is highly weathered, very friable and locally 
cemented by gypsum crystals – which are a weathering product – as well as clay 
minerals. Some grains including glauconite, quartz and some small clasts (up to 3 cm) 
are also present within this horizon as well as reworked impact spherules. Thin sections 
of the ‘Spherule Bed’ at Cottonmouth Creek can be seen in Figure 6.32.  
This bed coarsens upwards into a fine sand with the occurrence of shell debris 
decreasing. The contact with the overlying fine-grained sandstones is sharp (Fig. 6.30). 
These thin sandstone beds (2 – 4 cm each) are well cemented, though slightly friable, 
quartz rich, and display fine lamination (Fig. 6.33). These thin sandstone beds also 
contain reworked foraminifera and bioclastic debris together with glauconite. They are 
very poorly sorted and often contain mudstone clasts. Several thicker (4 – 7 cm) fine 
and medium-grained sandstone beds continue the upward succession (Fig. 6.34). These 
sandstones are well cemented, moderately sorted, slightly friable and contain parallel 
ripple packages (often climbing ripple packages, on a cm scale). These beds also 
contain reworked foraminifera and glauconite but are better sorted than the underlying 
beds. They are mainly formed of sub-angular quartz grains in a muddy and calcitic 
matrix. The sandstones are often separated by thin (1 – 2 cm) dark claystone/mudstone 
bands, that are very finely laminated. The top of the boundary complex is marked by a 
thick (15 cm), fine-grained sandstone bed that has weathered to a green/grey colour, 
reflecting the slight glauconite content. The sandstones are well sorted and slightly 
friable with some rare, large, rusty red grains, which may have been garnets (Fig. 6.35). 
These sandstones are cleaner and much better sorted than the underlying sandstone 
beds, with less bioclastic material, reworked minerals and clasts.  
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Figure 6.32. Thin sections of ‘Spherule Bed’ at the CM-4 section. A) Reworked impact spherule from 
Chicxulub impact in lower section of image. Spherule completely replaced with calcite, spar texture. 
Centre of spherule may retain texture of original bubbles in glassy spherule. B) Large benthic 
foraminifera (Lenticulina sp.) with calcite overgrowth. Glauconite grains also present within the matrix. 
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C) Benthic foraminifera (Robulus? sp.) and other bioclastic material in poorly sorted matrix. D) Benthic 
foraminifera (Lenticulina? sp.) and abundant quartz and glauconite grains in poorly sorted matrix. E) 
Vertebrae, probably from a fish in well cemented matrix along with glauconite grains. F) Vertebrae, 
probably from a fish, with calcite overgrowth in well cemented matrix along with glauconite grains. G) 
Large benthic foraminifera (Lenticulina sp.) with calcite overgrowth and other bioclastic debris in poorly 
sorted matrix. H) Cross section through vertebrae, probably from a fish, showing calcite overgrowth. 
Scale bars are 500 μm.  
Figure 6.33. Thin sections of thin sandstone bed at Cottonmouth Creek (CMC 15). A) Benthic 
foraminifera (Lenticulina sp.) and other bioclastic debris showing calcite overgrowth in a poorly sorted 
quartz and glauconite rich matrix. B) Poorly sorted sub-angular and sub-rounded quartz and glauconite 
grains with some larger rounded glauconite grains. C) Poorly sorted sub-angular and sub-rounded quartz 
and glauconite grains with some larger rounded pyroxene grains and benthic foraminifera showing calcite 
overgrowth. D) Large glauconite grains in a poorly sorted matrix of quartz, calcite and glauconite. All 
scale bars are 500 μm.  
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Figure 6.34. Thin section of sandstone bed from within the ‘Event Bed’ at Cottonmouth Creek (CMC 
16). A) Large benthic foraminifera (Lenticulina sp.) in a well sorted, but muddy, matrix. Note the lack of 
calcite overgrowth that occurs in the lower horizons of the ‘Event Bed’. B) Small biserial planktic 
foraminifera (Heterohelix? sp.) in quartz rich sorted matrix. C) Moderately/well sorted sands with sub-
angular grains of quartz and glauconite. Some bioclastic material (planktic and benthic foraminifera) 
present. D) Small biserial and globular planktic foraminifera in glauconite-rich well sorted matrix. Again, 
note the lack of calcite overgrowth on these foraminifera. E) and F) Small planktic and benthic 
foraminifera in quartz and glauconite-rich well sorted matrix. Some muddy clasts and reworked minerals 
are also present. All scale bars are 100 μm.  
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The uppermost, thick sandstones clearly display small-scale hummocky cross-
stratification (HCS) (Fig. 6.36), which gives an undulating feature to both the top and 
bottom of the bed (Fig. 6.37). This undulation indicates that the boundary complex is 
highly variable (Fig. 6.38), with this HCS bed(s) resting directly upon the latest 
Maastrichtian mudstones only a few metres away (Fig. 6.39). The top of the HCS bed(s) 
are bioturbated with large sub-horizontal burrows < 5cm in diameter.  
 
Figure 6.35. Thin sections of uppermost thick HCS sandstone unit from Cottonmouth Creek (CMC 17). 
A-F) Well sorted, quartz rich sandstone with sub-angular to rub-rounded grains and a glauconite content. 
A decrease in bioclastic material in this sandstone compared to the underlying sandstones. Rare benthic 
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foraminifera are present within this sandstone. There are also occasional planktic foraminifera, both 
biserial and ‘globular’, within this sandstone as shown in (D) and (F). All scale bars are 100 μm. 
Figure 6.36. Hummocky cross-stratification (HCS) in the uppermost sandstone bed at Cottonmouth 
Creek. The HCS packages are clearly visible and indicated by Prof. Hart. 
Figure 6.37. The ‘Event Bed’ as seen at Cottonmouth Creek Waterfall. The ruler is resting on the black 
Maastrichtian mudstones. Immediately above the ruler is the ‘Spherule Bed’, followed by a series of 
interbeded thin sandstone and mudstone beds. The top of the ‘Event Bed’ is capped by a thick, medium 
grained sandstone body with HCS and climbing ripple packages, which are clearly visible at the top of the 
figure.  
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Figure 6.39. ‘Event Bed’ at Cottonmouth Creek, CMC section. The ‘Event Bed’ clearly thins and pinches 
out against the underlying black Maastrichtian mudstones from the shovel to the 30 cm scale ruler. To the 
right of the ruler, only a thin (>5 mm) fine sand is present between black Maastrichtain mudstone and 
grey Paleogene claystones.  
The undulating top-Maastrichtian surface in the Riverbank South section is also seen in 
the Cottonmouth Creek section. The uppermost Maastrichtian mudstones have been 
eroded into a mounded topography. This eroded surface represents the local 
unconformity that marks the K/Pg boundary. The erosional surface was measured 
between the farm track at CM4 and the riverbend ~ 50 metres downstream to the east 
using the LCH as a datum point. The mounds again had an amplitude of ~ 1 metre and a 
wavelength of ~ 20 metres, with the ‘Event Bed’ filling in the troughs between these 
positive areas (Fig. 6.40). As was the case at Riverbank South, the spherule-rich shell 
lag infills the most negative areas in the troughs and is overlain by sandstones and 
mudstones that fill the remaining accommodation space. At Cottonmouth Creek, a 
single, thick (c. 30 cm) medium sandstone with HCS packages throughout is often the 
only horizon that is present on top of the spherule bed, although this is highly variable 
and other sandstones and mudstone horizons are occasionally present.  
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The ‘Event Bed’ onlaps the Maastrichtian mudstones and pinches out against the most 
positive areas (Fig. 6.40). The LCH horizon was used as a datum to allow measurement 
of the erosion surface and the overlying sediments. At the most positive part of these 
mounds, the LCH is only a ~ 5 cm above and the lowermost Paleogene mudstones and 
siltstones rest directly upon the uppermost Maastrichtian. In the troughs there is over a 
metre between the K/Pg boundary and the LCH.  
The top of the HCS sandstone bed is commonly bioturbated by large, cylindrical, 
bifurcating burrows of Thalassinoides and Ophiomorpha nodosa (Fig. 6.41). The lateral 
variability of the ‘Event Bed’ is well exposed along this part of Cottonmouth Creek. At 
CM-1 the HCS sandstone body sits directly upon the Maastrichtian mudstone (Fig. 
6.42) and is missing the thin sandstone and mudstone beds as well as the ‘Spherule 
Bed’. Resting upon the HCS sandstones are black, very well sorted, finely laminated 
(mm scale) claystones that coarsen upwards into mudstones. Immediately above the 
HCS unit is 1 – 2 cm of claystone with very fine laminations that follow the topography 
of the underlying, undulating HCS bed before grading upwards into more parallel 
lamination. Completely absent from the base of this bed is shell material or bioturbation 
(burrows). Ten centimetres above the top of the HCS is an abundance of small, sub-
horizontal burrows that are ~ 0.5 cm in maximum diameter. These burrows are 
preserved with a pyrite infill and are at a maximum abundance ~20 cm above the HCS 
unit. This interval is shown in Figure 6.40. Shell fragments, most likely bivalves, are 
also intermittently present in this horizon. These shell fragments are small, bleached, 
white and very delicate. The mineralogy of this interval can be seen in Figure 6.43. A 
locality map of Cottonmouth Creek is seen in Figure 6.44. 
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Figure 6.41. Bioturbation (probably Ophiomorpha nodosa ) on the top of the HCS sandstone body at 
Cottonmouth Creek. Ruler for scale (30 cm).  
PG 
 
K 
Figure 6.42. Sedimentary log at CM-1. The HCS sandstone body 
sits upon a very thin siltstone bed that sits unconformably on top of 
Maastrichtain mudstones. Note the lack of ‘Spherule Bed’ or series 
of interbedded sandstones and mudstones below the main HCS 
sandstone bed.  
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Figure 6.43. Mineralogy of lowermost Paleocene at Cottonmouth Creek. A) CMC 1c. Very fine grained, 
well sorted claystone with some inclusions. Scale bar 500 μm. B) CMC 2. Some muddy inclusions and 
very fine grained minerals in well sorted claystone. Scale bar 500 μm. C) and D) CMC 3. Siltier well 
sorted compostion with some clastic material within a muddy matrix. Scale bar 100 μm.  
 
Figure 6.44. Sketch map of the upper part of Cottonmouth Creek with main sedimentological 
observations indicated. Red line represents the K/pg boundary, solid where exposed and dotted where 
inferred. 
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The frequency of the burrows decreases up section but the rock type remains the same, 
with slight variations in grain size from clay to mud grade. In the field these mudstones 
were given the field name of shales as they were black, very fine grained, well sorted, 
slightly fissile with evidence of fine lamination. Whole specimens of bivalves and 
gastropods are recovered further up the section (Fig. 6.45), coinciding with an increase 
in grain size to siltstone and fine sandstone grade. This increase in grain size also 
coincides with a colour change from black/dark grey to rusty brown/khaki, although this 
may be the result of superficial weathering. The lowermost Paleocene outcrops that 
were logged show an overall coarsening trend from fine to medium sands (Fig. 6.26 – 
6.28). These siltstones and fine sandstones in this section are full of well-preserved, 
large, unbleached, bivalves and gastropods. These are at a maximum size of 3-4cm and 
often occur in layers. Some associated shell fragments are also present but little to no 
bioturbation was observed.  
The rock is a rusty brown/khaki colour, well sorted and is highly fractured, probably 
due to weathering. Some lamination is present within the siltstones, possibly reflecting 
quieter periods of sedimentation. These more sandy and silty beds represent the MSB 
and DSB with distinct macrofossil horizons (mostly gastropods) of phosphatic and 
pyritic steinkerns (Fig. 6.45) forming bands that make for a good correlation horizon 
between outcrops.  
Further downstream towards the Brazos River (to the east), the outcrops become 
increasingly overgrown and are less well exposed. The bedding is sub-horizontal, gently 
dipping towards the main river. The UCH is an important marker as it is exposed in a 
number of localities and is very prominent, either as large nodules or as abundant 
Thalassionoides burrow systems. The exposures above this UCH horizon fines upwards 
from silt to mudstone/claystone. A colour change of light grey to dark grey/black is also 
observed within the higher parts of the succession. Minimal numbers of macrofossils 
Chapter 6 - Sedimentology
432
  
are observed within these highly fractured and weathered exposures. Rusty brown 
staining in small nodules (>1 cm) is persistent throughout and represented the oxidised 
pyritic infill of small burrows.  
Figure 6.45. Phosphatic steinkerns of pycnodontids at Cottonmouth Creek that create distinct shell bands 
in the MSB and DSB horizons. Scale bar in cm.  
 
6.1.5. Darting Minnow Creek  
Darting Minnow Creek displays a very different appearance from that observed at 
Cottonmouth Creek. The ‘Event Bed’ is more than double the thickness of that exposed 
in Cottonmouth Creek. Below the small waterfall, the boundary complex comprises of a 
series of thin (5 – 10 cm) sandstone beds that are bounded by thin (~ 1 cm) mudstone 
horizons (Fig. 6.46). Sedimentary logs through the ‘Event Bed’ at Darting Minnow 
Creek can be seen in figures 6.47 and 6.48. The top of the ‘Event Bed’ comprises 
several medium and fine grained sandstones. These sandstones are beige/brown in 
colour, moderately sorted, slightly fissile and well-cemented with a high quartz content. 
The top of the uppermost unit is capped with symmetrical parallel ripples with north-
south trending crests at a spacing of 10 cm (Fig. 6.49). These ripples are asymmetrical 
in some places, indicating a palaeo-flow direction of west to east.  
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Figure 6.47. Sedimentary log of the top of the ‘Event Bed’ at Darting Minnow Creek Waterfall. Key on 
Figure 6.25. Sample locations are indicated.  
 
The sandstones display hummocky cross stratification and climbing ripple packages, 
comparable in size to those observed in Cottonmouth Creek and Riverbank South 
sections. The HCS packages are observable in thin section, with a microstructure clearly 
showing a cross cutting relationship (Fig. 6.50). The mineralogy of this upper HCS 
sandstone bed can be seen in Figure 6.51.  
 
Mudstone coarsening into fine 
sandstone 
Prominent shell band 
Prominent shell band with very 
well preserved specimens 
Well defined small scale ripples 
in siltstone unit 
Ripple packages at top and 
bottom of unit 
 
Weathered out clasts 
Sharp contacts separate a finely 
laminated fine sandstone 
Ripple packages cap unit 
 
Hummocky cross-stratification 
Chapter 6 - Sedimentology
435
  
 
Figure 6.48. Sedimentary log of the lower part of ‘Event Bed’ at Darting Minnow Creek Waterfall. Key 
on Figure 6.25. Sample locations are indicated.  
Rare shell fragments 
Hummocky cross-stratification 
Steep gradation into mud grade 
Ripple packages 
Ripple packages 
Clast of underlying shale in 
clay rich unit with abundant 
bioclastic material and small 
clasts 
Contact topographically very 
variable, erosive contact 
Bioclastic material most 
abundant at contact 
Well laminated black shales 
with abundant bioclastic 
material 
Nodule layer 
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Figure 6.49. Symmetrical ripples on top of main HCS sandstone bed at Darting Minnow Creek Waterfall.  
 
Figure 6.50. Cross cutting micro-structures in the HCS sandstone bed from Darting Minnow Creek. Scale 
bar is ~2 cm.  
 
Below the uppermost sandstone a sharp contact separates a bed that is a fine-grained 
sandstone and which does not display any ripple packages or HCS. This thin bed (~5 
cm) is finely laminated containing thin silty layers within the fine-grained sands. A 
reduced quartz content is also indicated by a slightly darker appearance to the bed.  
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Figure 6.51. Thin sections of the uppermost HCS sandstone bed at Darting Minnow Creek Waterfall 
(DMC6). A) Poorly sorted matrix sandstone with angular quartz grains, abundant glauconite and 
bioclastic material, especially 'globular' and biserial planktic foraminifera. B) Poorly sorted, glauconite 
rich sandstone with abundant bioclastic material. Note the distinctive large, keeled planktic foraminifera 
in the centre of the image. C – E) Poorly to moderately sorted matrix supported sandstone fabrics with 
angular to sub-angular quartz grains and other reworked minerals. Abundant bioclastic material and 
reworked benthic and planktic foraminifera. F) Large benthic foraminifera (Bolivinoides? sp.) within a 
glauconite rich, moderately sorted matrix. All scale bars are 100 μm.  
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A thick (~10 cm) medium sandstone bed underlies this bed with a sharp contact. This 
bed has small-scale ripple packages at the top and base (Fig. 6.52). The ripples still 
demonstrate a west-east current, with crests trending north-south. The sandstone is 
moderately sorted, has a high quartz content and, possibly, a glauconite content due to 
the slight green colouration on weathered surfaces (Fig. 6.53). It is well cemented and 
displays a well-defined lamination in the middle of the bed. Some small, well-rounded, 
inclusions (2 cm maximum) are present near the base of the unit, although most have 
been weathered out. A sharp contact with a soft clay bed separates the underlying bed, 
which is thin (~3 cm) silty, well-sorted, fissile, friable and somewhat weathered.  
Figure 6.52. Ripples on top of a medium-grained sandstone bed in one of the interbedded sandstone beds 
at Darting Minnow Creek Waterfall. Note that there are ripple packages at the base of the units as well as 
the top.  
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Figure 6.53. Thin sections of the uppermost HCS sandstone bed at Darting Minnow Creek Waterfall 
(DMC4). A) Biserial planktic foraminifera (Heterohelix? sp.) in poorly sorted, quartz and glauconite rich 
medium sandstone. Scale bar 100 μm. B) Angular to sub-angular quartz grains in a glauconite rich, 
matrix with clasts of reworked material and abundant reworked foraminifera, both benthic and planktic. 
Scale bar 500 μm. C) Poorly sorted fabric with large bioclastic material and reworked clasts in a 
glauconite rich matrix. Scale bar 500 μm. D) Planktic foraminifera (Rugoglobigerina? sp.) displaying 
some calcite overgrowth with large glauconite grains and angular quartz grains. Scale bar 100 μm.  
 
This bed also contains ripple packages on a small scale and has an undulating 
topography to both the base and top. This passes downwards into a black, soft, slightly 
fissile, very fine-grained, well sorted, mudstone. This mudstone is well laminated and 
~25 cm thick. However, this mudstone is not laterally continuous and has a ‘channel-
like’ appearance, reducing rapidly in thickness to only 5 – 6 cm in thickness. It also 
contains two distinct shell layers, the first (near the top) of which is packed full of well-
preserved bivalves < 3 cm in size. Some scaphopods and gastropods of a similar size 
and preservation are also present, but in lower abundance (Fig. 6.54).  
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Figure 6.54. Shell band from one of the interbedded mudstone beds at Darting Minnow Creek Waterfall. 
Scaphopods and bivalves are preserved, unbroken, in life position. 
The bioclastic material is not bleached and rarely broken, possibly indicating that they 
have not been transported far from life position. Some large rounded, planispiral benthic 
foraminifera (probably Lenticulina spp.) were also observed within these shell bands. 
The bed coarsens gradually into fine sands with a greater quartz content at its base. A 
second shell layer comparable to the previous one, is present just above the base of this 
unit. This shell layer contains bivalve fragments and gastropods, with an inferior 
preservation in comparison to the other shell layer, although the fossils still appear to be 
in life position. The upper part of the ‘Event Bed’ at Darting Minnow Creek Waterfall is 
summarised in figure 6.47. The underlying unit is a thick sandstone bed (~20 cm thick) 
that coarsens gradually from fine sands to medium sands at the base. The unit contains a 
high quartz content that is well cemented, well sorted and beige/brown in colour. The 
hardness increases down section becoming very well cemented by the base of the bed. 
This is also reflected in the exposure as this bed juts out of the waterfall, reflecting its 
hardness. In the middle of the bed, well-defined HCS and ripple packages are 
prominent, picked out clearly by weathering. 
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A very steep gradation into a thin, black mudstone horizon (~1 cm) is recorded at the 
base of the unit. A sharp contact into medium-grained sandstones underlie this 
mudstone. The top of this sandstone unit is undulating due to small ripples and contains 
some small (1 cm maximum) quartz rich, well-rounded clasts. The sandstone contains 
ripple packages throughout and grades sharply into a similar thin, black mudstone 
horizon described above. Another medium sandstone bed containing ripple packages is 
seen below. At the base of the undulating medium-grained sandstone is a clay rich, very 
fine-grained, sticky, soft light grey bed – the ‘Spherule Bed’. This is full of shell debris, 
fragments of probable bivalve origin and gypsum crystals. The gypsum cements some 
small areas and is most likely to be the result of weathering. Other minerals, such as 
glauconite, are present but in small amounts, giving the unit a green or brown 
appearance locally. Randomly orientated small clasts (5 cm maximum across y-axis) are 
also present. No obvious sedimentary structures are present. A large clast (40 cm+ 
across y-axis) of black Maastrichtian shales is present near the base of the unit (Fig. 
6.55).  
 
Figure 6.55. Large (~30 cm) black Maastrichtian mudstone clast, immediately behind the ruler, entirely 
surrounded by a shell rich, claystone bed at the base of the ‘Event Bed’ at Darting Minnow Creek 
Waterfall.  
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This large clast is rounded and fully surrounded by the clay-rich, shelly bed. The base of 
this unit is topographically very variable and is an erosive contact between the clay rich 
shelly sediment and the underlying Maastrichtian shales (Figures 6.56 and 6.57). A very 
thin red clay horizon sits at the contact, possibly picked out as a result of weathering.  
Figure 6.56. Left. Erosional contact between underlying black mudstones and overlying ‘Spherule Bed’.  
Figure 6.57. Right. Overview of the ‘Event Bed’ at Darting Minnow Creek Waterfall. The interbedded 
sandstones and mudstones sit above the erosional contact between the ‘Spherule Bed’ and the underlying 
Maastrichtian mudstones. The contact, picked out by red line, is highly irregular at this locality.  
 
Some small (up to 3 cm), well-rounded quartz-rich clasts rest upon this contact in the 
clay-rich shelly unit. The underlying shales are black, very fine grained, very well 
sorted, soft, slightly fissile and well laminated. The shales also contain abundant shell 
material with complete bivalves being visible. The bioclastic material is delicate and 
bleached white as observed in the same Maastrichtian shales in Cottonmouth Creek. 
The abundance of bivalve and other shell fragments reaches a maximum near the 
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contact with the clay-rich layer that overlies the shales. Complete specimens become 
rarer down section. Some large (up to 1.5 cm) long, uniserial, benthic foraminifera 
(specifically Nodosaria affinis) were observed within these shales. A small, white, 
calcareous nodule layer is present about 45 cm below the erosional contact that marks 
the K/Pg boundary. These sedimentological observations are shown in Figure 6.48. 
Downstream of the Darting Minnow Creek waterfall, close to the intersection with the 
farm track (Fig. 6.58), outcrops of Maastrichtian mudstone on the riverbed are 
confirmed by the presence of Baculites spp. exposed within the riverbed (Fig. 6.59). 
Downstream from this point to the intersection with the farm track, where the LCH 
outcrops on the stream bed (Fig. 6.60), the ‘Event Bed’ is not crossed or exposed again 
either in the bed of the stream or adjacent banks. This implies that the ‘Event Bed’ is 
missing at this point, and, given the topography of the Maastrichtian mudstones exposed 
at Riverbank South and Cottonmouth Creek, this would appear to be an area of positive 
relief of the Maastrichtian mudstones. The waterfall section further upstream, would 
appear to represent a trough at the K/Pg boundary. This relationship cannot be seen as 
clearly as that at Riverbank South and in Cottonmouth Creek, but the same relationship 
can be suggested on the basis of these observations. The relationship cannot be 
accurately observed at Darting Minnow Creek due to creek not cutting through these 
mounds exposing a cross section of the structure.  
From the farm track intersection where the LCH is well exposed in the stream bed, the 
nodule horizons and sandier beds are exposed. Some minor faulting is present within 
these Paleocene deposits that cause the creek to dog-leg, but no significant offset is 
observed. From this point, exposures are overgrown with vegetation and of minimal 
stratigraphic value. Beyond a cattle fence, the creek cuts into the Paleocene sediments 
down to the LCH horizon through some small rapids (Fig. 6.61). At this location, the 
most stratigraphically continuous outcrops are exposed from the LCH to the UCH, with 
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the nodule bands and the more indurated sandstone beds well exposed sub-horizontally 
in a “layer cake” appearance (Fig. 6.62). This outcrop is summarised in Figure 6.63. 
Beyond these rapids to the east, towards the main river, the siltstones fine to black 
mudstone/claystones that are heavily fractured and massive in places. Other than 
sporadic macrofossil debris, only small rusty pyrite nodules are present within these 
exposures. These dark mudstones and claystones are the highest stratigraphically 
exposed in Darting Minnow Creek (Fig. 6.64). A full range of the samples collected and 
described as part of this study can be seen in Figure 6.65.  
 
Figure 6.58. Sketch map of upper part of Darting Minnow Creek with main sedimentological 
observations indicated. The proximity of Mullinax 2-3 drill cores are >50 metres to the north of DMC.  
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Figure 6.59. Poorly preserved ammonite, indicated by arrow, in situ on the Darting Minnow Creek 
stream bed, downstream from Darting Minnow Creek Waterfall. This horizon is overlain by Paleocene 
mudstones and it is thought that the ‘Event Bed’ is completely missing at this location.  
Figure 6.60. Downstream from the farm track intersection at Darting Minnow Creek (Fig. 6.58). The 
LCH nodule bed is located in the stream bed and is quite distinctive at this locality.  
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Figure 6.61. Lower Darting Minnow Creek exposures. The creek flows over the LCH in the background. 
In the foreground, the most prominent bed in the creek bank is the DSB, below the tree roots. Below this, 
the MSB displays some lateral variability. The LCH is exposed in the foreground at water level.  
Figure 6.62. Downstream from the rapids shown in Figure 6.61. The shovel rests on the LCH nodule bed 
and the DSB is the prominent sub-horizontal bed above the shovel handle. The MSB is between these 
marker beds. Downstream of this location, the exposures are less well exposed as they are coated in mud 
brought into the valley at times of high water levels in the Brazos River.  
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Figure 6.63. Stratigraphic log of the lower Darting Minnow Creek outcrops, shown in Figures 6.61 and 
6.62. Sample locations are indicated.  
Figure 6.64. Dark mudstones and claystones are the highest strtigraphically exposed in Darting Minnow 
Creek with sporadic rusty brown nodules within it, here observed to the right of the scale card (which has 
both inches and cm indicated).  
DSB 
UCH 
MSB 
LCH 
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6.2. Sedimentology Disscussion 
 
6.2.1. Volcanic Claystone Layers  
A thin (0.2–5.0 cm thick) layer of light-coloured claystone embedded within the black 
Cretaceous mudstones exposed below the waterfall in Cottonmouth Creek (CMC) is the 
subject of controversy (Fig. 6.66). Keller et al. (2007, 2008) and Keller (2008) proposed 
that the layer is the record of the Chicxulub impact (the "original Chicxulub impact 
spherule layer" [Keller et al. 2008, p. 164]) and that the overlying spherule-bearing 
coarse-grained deposits of the ‘Event Bed’ are the products of later reworking of impact 
ejecta or evidence for multiple impacts (Keller et al., 2003). Schulte et al. (2008, 2010) 
disputed these interpretations, noting that the other workers had identified the layer as a 
volcanic ash bed and that the features mentioned in support of impact-ejecta origin are 
inconclusive. Despite the strong rebuttal by Schulte et al. (2008), Adatte et al. (2011) 
invoked the same interpretation without presenting any new supporting evidence. More 
detailed study of the Cottonmouth Creek claystone layer, the discovery of a similar, 
well-defined claystone layer in the Riverbank North (RBN) section in 2010 and 
potential volcanic horizons within the Mullinax cores have provided the opportunity to 
test the concept of impact-spherule composition versus that of volcanic ash.  
Figure 6.66. The volcanic-derived claystone layer in Cottonmouth Creek, just below the waterfall. (A) 
Close up of the volcanic claystone bed. Ruler is 30 cm long. (B) General view of the volcanic claystone 
bed with the ‘Event Bed’ above and to the right, slightly displaced by a small fault.  
 
A B 
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The CMC claystone layer, identified as the “yellow clay” in many discussions (e.g., 
Keller et al., 2007, 2009; Adatte et al., 2011), is grey-white in fresh exposure (Fig. 
6.67A) or mottled where bioturbated, with many small burrows filled with dark mud 
from the enclosing sediment. The yellow colouration comes from an iron oxide staining 
on weathered surfaces that also contain abundant gypsum crystals. When processed 
these yellow clays yield abundant gypsum crystals (a weathering product) but also rare 
ferromagnesian and other minerals indicating that these are probably volcanic ashes. 
The claystone layer is ~60 cm below the ‘Event Bed’ at the CMC waterfall section 
(CM-1) and observed again at the farm track intersection with the creek at CM-4 (~70 
cm below the ‘Event Bed’) but is not observed again in Cottonmouth Creek. The 
claystone is a smectite (i.e., composed of clay minerals that undergo reversible 
expansion on absorbing water; Kearey, 2001), in composition and contains common, 
angular, white crystals with high potassium content set in a light grey-white ground 
mass. These are phenocrysts of partly altered potassium feldspar of 30–50 μm size (Fig. 
6.67B). Other phenocrysts include quartz crystals of the same size, brown and white 
mica flakes (<250 μm in diameter) and euhedral zircon crystals. Zircons and biotite 
recovered from the claystone show no sign of shock deformation and SEM images of 
the biotites (Figs 6.67C and 6.67D) show tensional fracture features with no evidence of 
shock-induced kinks (cf. Schneider, 1972) expected from compression. Although up to 
5 cm in thickness in the field, when excavated back to fresh material on a clean surface, 
the horizon is only 2 – 3 mm thick as secondary gypsum and clay minerals have 
expanded to produce a thickened horizon. The yellow claystone layer from CMC was 
examined in the microprobe laboratory of the Department of Geology & Geophysics at 
Texas A & M University to obtain additional data. EDS spectral maps show that 
elevated potassium occurs in conjunction with white, altered potassium feldspar crystals 
in the claystone, not in the general groundmass of smectite clay (Fig. 6.67E). Moreover, 
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the clay layer contains feldspar phenocrysts and euhedral zircon crystals indicative of 
magmatic origin (Fig. 6.67F). No ejecta spherules have been found in clean, well-
prepared samples.  
Figure 6.67. A) Section CM1, Cottonmouth Creek; volcanic ash bed below event deposit, showing 
primary white colour and iron oxide staining; the darker sediment in the centre of the photo is a mud-
filled burrow; scale is 10 mm. B) Section CM1, Cottonmouth Creek; photomicrograph of volcanic ash, 
showing grey smectite groundmass with angular white inclusions of potassium feldspar, altered feldspar, 
and biotite; quartz and zircon are present but not visible; scale is 1 mm. C) Section CM1, Cottonmouth 
Creek; backscattered electron image of subhedral potassium feldspar phenocryst with exsolution lamellae 
in volcanic ash; scale is 10 μm. D) Section CM1, Cottonmouth Creek; backscattered electron image of 
potassium feldspar phenocryst with embyed margins in volcanic ash; scale is 10 um. E) Section CM1, 
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Cottonmouth Creek; EDS element spectrum of feldspar phenocryst in volcanic ash F) Section CM1, 
Cottonmouth Creek; photomicrograph of zircon phenocrysts with euhedral form in volcanic ash; scale is 
100 μm (photo courtesy of Brent Miller). G) Section RBN, Brazos River east bank; photomicrograph of 
volcanic ash, showing grey smectite groundmass with angular white inclusions of potassium feldspar and 
biotite; scale is 1 mm. H) Section RBN, Brazos River east bank; photomicrograph of zircon phenocrysts 
with euhedral form in volcanic ash; scale is 1 mm. Figure courtesy of Tom Yancey (Texas A + M 
University).  
 
Preliminary U–Pb data from nine single-grain zircon analyses include three that are 
within error of 65.95+0.04 Ma (Kuiper et al., 2008, including on-line supplement). The 
new age for the K/Pg boundary is set at 66 Ma, making this measurement even more 
significant and closer to the age defining the K/Pg boundary. This strong evidence of 
the presence of volcanic-derived clay in the uppermost Maastrichtian Brazos succession 
suggests that the interpretation of the layer as a record of impact ejecta is incorrect.  
The lateral extent of this thin layer in the section CM1 (= CMA and CMB sections of 
Adatte et al., 2011), the white colour of unstained clay, the presence of un-shocked 
euhedral zircon and un-shocked biotite crystals, phenocryst composition, absence of 
identifiable ejecta particles and the absence of much older inherited zircon crystals 
supports the original interpretation of Schulte et al. (2008) that the light-coloured clay 
layer in section CM1 as an airfall ash that settled onto the Maastrichtian sea floor. This 
removes the basis for interpretation of an earlier deposit of impact ejecta or multiple 
impacts preserved in the Brazos section. Another volcanic ash bed has been located in 
the uppermost Maastrichtian strata (Fig. 6.68) in section RBN, at a level 5 – 8 m below 
the event deposit. This, potentially older claystone layer, has sharp upper and lower 
boundaries and is a consistent 3 mm thickness across the area of exposure (Fig. 6.69).  
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Figure 6.68. Outcrop photograph of yellow claystone horizon within dark Maastrichtian mudstones at 
Riverbank North. The yellow/orange horizon is very distinctive set against the black and dark grey 
mudstones. Scale bar is 15 cm.  
Regular high water flow in the river has kept the riverbank cleared of soil cover and the 
surrounding mudstones are unweathered. Excavation ~30 cm into the riverbank exposed 
fresh samples that yield a zircon phenocryst assemblage similar to that in the 
Cottonmouth Creek claystone layer (Figs 6.65G and 6.65H). Though previously 
undescribed - in the dark grey uppermost Maastrichtian mudstones exposed on the 
eastern bank of the Brazos River - the dark mudstones adjacent to this yellow bed 
contain a distinctive assemblage of latest Maastrichtian foraminifera. The similarity of 
the two layers and presence of magmatic phenocrysts is strong evidence of an origin as 
a volcanic ash. The yellow-weathering volcanic ashes seen in the outcrop have not been 
recorded in any of the Mullinax cores (Keller et al., 2007; Adatte et al., 2011) and were 
not observed in the cores when they were first extracted and photographed by Prof. T. 
Yancey.  
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Figure 6.69. Close up photograph of the yellow claystone horizon at RBN. Subtle thickness changes can 
be seen upon closer inspection where the clay minerals have expanded and weathered. Scale bar is 15 cm.  
 
However, recent closer inspection of the cores has revealed the presence of a number of 
possible thin (0.5–3.0 cm) ash-fall beds. These are not associated with a yellow, 
gypsum-rich horizon but are characterised by faint brown discoloration of the core and a 
‘bowing’ of the plastic lining tube caused by expansion of the clay during storage at 
ambient temperatures and humidity. The horizons are often an unconsolidated light grey 
‘powder’ that are very distinctive as they are set in hard dark grey/black mudstones. A 
number of these possible ashfall events in the Mullinax cores 1-3 can be seen in Figure 
6.70. These horizons were sampled and have been subjected to heavy mineral 
separation at Plymouth University. The sampled horizons contained abundant zircons, 
pyrite aggregates, apatites and rutiles which gave a strong indication that these layers 
were of an original magmatic origin. These horizons occur throughout the uppermost 
Maastrichtian in the Mullinax cores, suggesting that periodic ash falls were common-
place in the Brazos area during the latest Maastrichtian.  
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Figure 6.70. Possible ash-fall deposits within the Mullinax cores 1-3. A) Distinctive stained lateral very 
fine grained horizons within dark mudstones in core Mullinax-1, box #7. B) Close up of one of the 
possible ash-fall deposits within core Mullinax-1, box #7. C) Stained horizon from core Mullinax-2 box 
#6. D) Stained horizon from core Mullinax-1 box #7. American ‘quarter’ for scale. E) Large stained, un-
consolindated horizon from Mullinax-1, box #3. Note that the expansion of this layer is not only 
deforming the sediments around it, but also bowing the plastic core liner. American ‘quarter’ for scale. F) 
Stained un-consolidated horizon from Mullinax-2, box #9. G) Stained un-consolidated horizon from 
Mullinax-2, box #9. Note the bowing of the plastic core liner. The brown staining that runs parallel to the 
core sides is due to these cores being covered in plastic tubing which has a hollow centre and as this area 
has been subjected to more air and moisture, it has oxidised and stained around this horizon. This 
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probably confirms that many of these changes have occurred in the core boxes (which have been stored at 
ambient temperature and humidity) and would not have been (so) visible when first drilled.  
 
These yellow clay horizons, cannot, therefore, be the ‘unique’ record of the Chicxulub 
impact. Such horizons are well known in many areas of the Cretaceous Interior Seaway 
of the USA: e.g., in the Eagle Ford Group (Late Cretaceous) in north central Texas 
(Friedman, 2004). In the Eagle Ford Group, bentonites up to 30 cm in thickness are very 
distinct, interbedded within black shales (see Friedman, 2004, figs 5.1 – 5.4). In Utah, 
Ryer et al. (1980) describe smectite-rich altered volcanic ash falls in coal-bearing strata 
and similar late Cretaceous ash beds are also known from coal-bearing strata in New 
Mexico (Fassett, 2000). Sauvage et al. (2010) have described the successions in the 
Denver Basin, including the presence of an ash horizon (dated at 66.08±0.02 Ma) just 
below the δ13C isotope excursion at the K/Pg boundary. In the Southern San Juan Basin 
(Mesa de Cuba area, New Mexico), Fassett et al. (2010) describe the presence of an ash 
bed in the Nacimiento Formation which has been 40Ar/39Ar dated at 64.0±0.4 Ma with 
their K/Pg boundary located at 65.50±0.3 Ma (Gradstein et al., 2004). This ash is 
clearly Paleocene in age. Unfortunately, Fassett et al. (2010) report the presence of a 7.8 
myr hiatus between the Campanian (Fruitland Formation) and the overlying Ojo Alamo 
Sandstone of Paleocene age. The presence of ash beds in the San Juan Basin (Fassett, 
2000, 2009; Fassett et al., 2010) extending from the Campanian to Paleocene is 
supportive of our view that the thin yellow clays in the Brazos area of Texas are 
volcanic ashes and that the one selected by Keller et al. (2007) as the impact horizon is 
no more than one of a quite widespread series of ash fall events. A possible origin of 
these volcanic ash falls may come from the Big Bend National Park in western Texas 
which was a volcanically active throughout the Late Cretaceous and into the Paleogene 
(Befus et al., 2008).  
Renne et al. (2013) have strengthened the conclusions that the Chicxulub impact played 
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an important role in the K/Pg mass extinctions. Renne et al. (2013) performed 
geochemical analyses on bentonites in Montana around the K/Pg boundary and 
concluded that bentonites were very useful to extract geochemical information from. 
This allows for timing and correlation of events around the K/Pg boundary to be 
extrapolated effectively. 
If the yellow-weathering claystones in the Cottonmouth Creek and the RBN sections are 
accepted as volcanic in origin, and related to other potential ashfall events seen in the 
Mullinax cores, they must be regarded as a normal part of the Cretaceous to Paleocene 
sedimentation history of the area. As such, they are un-related to the Chicxulub impact 
event. No comparable bentonites have been seen in the Prarie Bluff Chalk Formation in 
the uppermost Maastrichtian (Braggs, Mussel Creek, Moscow Landing locations) of 
Alabama (M. B. Hart, pers. com., May 2013). This is unsurprising as there are probably 
out of range for potential ashfall events: the ashfall layers are only ~3 mm thick in 
Texas,  
 
6.2.2. ‘Event Bed’ Discussion  
The boundary complex in the Brazos River area has always been a contentious issue 
since the work of Bourgeois (1988). Bourgeois interpreted the boundary complex as 
being a tsunami deposit, specifically the sandstone complex at the base of the Kincaid 
Formation (Gale, 2006). However, no mechanism for generating tsunamis across the 
K/Pg boundary could be found at that time. The discovery of the Chicxulub impact 
crater in Mexico (Hildebrand et al., 1991; Sharpton et al., 1992) appeared to provide a 
mechanism for the tsunami(s) and this interpretation was further supported by Smit et 
al. (1996) and Smit (1999), implying the sandstone bodies were the products of 
deposition and re-deposition of tsunami-generated waves. This was questioned by 
Yancey (1996) on the basis that the Brazos River deposits have features inconsistent 
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with a tsunami wave. Dawson and Stewart (2007) pointed out that evidence for direct 
deposition by tsunami waves offshore locations, including the Chicxulub impact 
deposits, remains equivocal (Yancey and Liu, 2013). The lateral variability of the K/Pg 
boundary deposits in the Brazos River area makes detailed and comprehensive study 
necessary during this period of unusual and very high-energy conditions (Yancey and 
Liu, 2013). Recently, various authors (e.g., Yancey, 1996; Gale, 2006) have interpreted 
the ‘Event Bed’ as being a series of storm-derived events (tempestites). This 
interpretation is consistent with field observations found during recent fieldwork. The 
sandstone body displays hummocky cross stratification (HCS), which in itself is 
indicative of current movement and not a single depositional event as one would expect 
with a tsunami deposit. Hummocky cross-bedding is produced by low velocity flow of 
gradient currents over the sea-floor under the influence of oscillatory water movement 
during large storm events as sand is delivered from outside sources and rearranged 
during deposition (Yancey and Liu, 2013). Washback from a tsunami event could, 
however, account for a bi-directional current movement (Dawson and Stewart, 2007). 
However, at Darting Minnow Creek there are several (up to 6) packages of HCS 
sandstone bodies and would indicate cyclical or episodic storm event(s) rather than 
multiple tsunamis and/or washback currents. This may be related to hurricane-sized 
storms. For example, Wright and Burchette (1996) comment that hummocky cross-
stratification can commonly characterize storm deposits in proximal offshore to 
shoreface settings, although Morton et al. (2007) state that typical storm deposits are 
characterised by planar stratification. However, Morton et al. (2007) state that only 
storm deposits commonly exhibit sedimentary structures other than planar stratification 
(e.g., HCS). The evidence that great storms produced the cross-bedded sandstones 
present in the Brazos River sections suggest that this type of high energy event would 
have produced similar deposits in other parts of the Gulf of Mexico (Yancey and Liu, 
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2013). The event deposit at Shell Creek, Alabama (King and Petruny, 2008) contains 
HCS cross-bedded sandstones underlain by ejecta spherule-rich coarse sandstones and 
is capped by upward-fining settling layer (Yancey and Liu, 2013). The boundary 
complex does also represent ‘quiet’ periods where fine silts and muds are in fine 
parallel lamination with distinct shell bands within them. This interpretation of ‘quiet’ 
periods is consistent with fine sediment particles being given enough time to fall out of 
suspension and form lamination. The bioclastic horizon contains gastropods, bivalves 
and scaphopods. Other aspects of the sedimentology observed at Brazos also point 
towards these deposits being storm-derived not tsunami-derived. Such factors are 
normal grading, parallel lamination above the HCS, bioturbation, erosional base and 
wave ripples at the top of each sandy body, which are not common features of tsunami 
deposits. Molina et al. (1996) state that the presence of symmetrical ripples on the top 
of the sandstone bodies is an important argument in favour of a palaeobathymetric 
interpretation in the sense that the deposition occurred below, but near to the storm 
wave base. Observed at Darting Minnow Creek were slightly asymmetrical ripples that 
indicate a westerly palaeo-flow (onshore). However, the majority of the ripples on the 
top of the sandstone bodies were symmetrical. The ripple crests were straight and 
parallel in a north-south strike and indicate an oscillating current in an east-west 
movement. The asymmetry of some of the ripples is consistent with a mechanism 
(storms) that creates onshore (westerly) currents from the Gulf of Mexico. Wright and 
Burchette (1996) state that another common feature of storm deposits is winnowed shell 
lags alternating with bioturbated suspension-load deposits, a feature that is seen in both 
Cottonmouth Creek and Darting Minnow Creek in the form of the ‘Event Bed’ which is 
full of shelly (gastropod and bivalve) material, overlain with the HCS sandy bodies that 
contain large burrows of Ophiomorpha nodosa, Thalassinoides and Planolites in them 
as identified by Gale (2006). Other winnowed bioclastic horizons were observed at 
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Darting Minnow Creek.  
Gale (2006) also favours the storm generated model of deposition by stating that the 
individual sandstone beds display a large amount of bioturbation in the form of burrows 
which were truncated by storm generated erosion: a feature also seen during our 
fieldwork. Gale (2006) concludes that the sandstone bodies were the product of normal 
shelf processes under the control of sea-level change. The boundary complex is laterally 
very variable with the HCS member resting on the shelly mix layer or directly upon 
uppermost Cretaceous sediments. The boundary complex is also variable in thickness, at 
Cottonmouth Creek it is at a maximum thickness of 40 cm and represents one HCS 
body, while at Darting Minnow Creek the boundary complex is at a maximum thickness 
of 80 cm and represents 4 – 6 HCS sandy horizons. This variability may reflect the 
undulating nature of the seabed and the relatively limited supply of sand-grade 
sediment. An alternative view is that this body is an incised channel fill resulting from a 
latest Maastrichtian lowstand (Stinnesbeck et al., 1996). Some sandstone bodies at 
Darting Minnow Creek also display channel-like thickness variability.  
Although the fine/medium grained sandstones may appear too coarse to be transported 
offshore, this can be easily explained. Handford (1986) has suggested that tropical 
storms or hurricanes over Mississippian ramps in Arkansas transported sediment for as 
much as 30 km offshore. This would account for the clastic sediment input into 
mid/outer shelf environments. Bourrouilh-Le Jan et al. (2007) also accounts for the 
transport by a drop in sea-level across the boundary by a lowering of the sea level. This 
would expose the usually submerged subtidal zone, a sudden rise in sea level, higher 
than normal highest tides, usually called hurricane “tide” would then follow. This event 
would surely transport material from in-shore areas off-shore as the sea level drops. A 
possible eustatically controlled drop in sea level across the K/Pg boundary may have 
coincided with storm events, at Brazos. However, at Stevns Klint (and other K/Pg 
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boundary locations) well away from the impact and ensuing events, there are no sea-
level changes at the K/Pg boundary and sea-level fluctuations are relatively minor.  
HCS bedding develops during modern hurricane storms (Dumas and Arnott, 2006). A 
modern analogue can be made and similarities can be seen to the storms in the Brazos 
River area in the immediate aftermath of the K/Pg event is Hurricane Katrina within the 
Gulf of Mexico in 2005. Hurricane Katrina was a category 5 Hurricane that hit the Gulf 
Coast of America on 29th August 2005 (Horton et al., 2008). Katrina created maximum 
wind speeds of approximately 280 km/h and created wave heights of over 16 m (Horton 
et al., 2008). Horton et al. (2008) conclude that there was a sharp or erosional boundary 
between the pre-storm surge and storm surge sedimentary units, which was 
accompanied by a change in colour and lithology. The overlying storm surge sediment 
unit was coarser than the pre-storm surge unit with a lower organic content. The 
thickness of the Hurricane Katrina storm surge sediments ranged from 9 – 13 cm 
(Horton et al., 2008). Liu and Fearn (2000) inferred from sediment cores from Western 
Lake, Florida, that coarse-grained sand unit overlying finer, organic rich sediment 
represent catastrophic hurricanes of category 4 or 5 intensity. This is consistent with 
observations at Brazos. Snedden et al. (1988) reported that Hurricane Carla, one of the 
strongest storms to hit the North American shoreline, deposited a 2 – 4 cm layer of sand 
out to 20 – 35 m water depth and the sand margin occurred within the 50 m isobath. 
Individual sandstone horizons in the Brazos River ‘Event Bed’ are 10 – 20 cm thick in a 
mid-shelf environment (75 – 125 m depth), indicating that the storms producing the 
Brazos River HCS sandstone deposits were an order of magnitude greater than modern 
hurricanes (Yancey and Liu, 2013). Offshore sand transport by storm waves is a 
function of the energy of the waves and, at a time of large bolide impact into marine 
setting, a very large amount of energy would have been released into the environment, 
increasing the potential for very large storms (Yancey and Liu, 2013). Yancey argues 
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that the storms in the gulf during the K/Pg boundary interval needed to be significantly 
larger than Katrina, or any other modern day storm event (Yancey, pers. com. 2011).  
The lower units of the Brazos River event deposits, consisting of mudstones containing 
large, well consolidated mudstone blocks in a dense matrix of mud mixed with shell and 
smaller mud blocks are said to match that of mass flow deposits (Yancey and Liu, 
2013). Yancey and Liu (2013) state that this indicates movement as a high-density 
gravity-driven flow of sediment moving across the seafloor with outsize clasts 
supported by the matrix (Lowe, 1982; Mudler and Alexander, 2001). Reworking of 
calcareous concretions indicate (in places) substantial exhumation of lithified 
mudstones. These mass flow deposits involved transportation and re-deposition of 
offshore mud-bottom sediments, including well-consolidated sediment from below the 
seafloor (also see Soria et al., 2001). Yancey and Liu (2013) indicate that these mass 
flows were probably initiated by strong Chicxulub impact-generated seismic shaking. 
Yancey and Liu (2013) state that seismic waves, traveling through high-density crustal 
rock, could initiate sediment movement before the arrival of tsunami waves and the 
effects of which would have the potential to mobilise sediment on all parts of the 
continental shelf. Denne et al., (2013) also describe seismic shocks immediately after 
the Chicxulub impact, which caused the collapse of proximal carbonate platforms 
(Grajales-Nishimura et al., 2000; Tada et al., 2003) and unstable shelf margins and 
widespread slope failure into the deep-water Gulf of Mexico as mass transport 
complexes (see Soria et al., 2001; Brodower et al., 1998). Alternative models for the 
origin of the clast-rich mudstone deposits were described by Kocurek and Hansen 
(1982) as an example of in-place seafloor disturbance of the top layer of Cretaceous 
deposits (Yancey and Liu, 2013). Bourgeois et al. (1988), Hansen et al. (1987), Bohor 
(1996) and Smit et al. (1996) described this disturbance as the product of tsunami wave 
disturbance, while Adatte et al. (2011) describes this ‘conglomerate’ interval as purely 
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strong bioturbation, while Keller et al. (2011) describes it as a zone of reworking in a 
shallow water environment (Yancey and Liu, 2013). Yancey and Liu (2013) discount 
the suggestion that the mudstone clast-rich deposits are the result of tsunami wave 
disturbance as large tsunami waves in deep water could not erode consolidated sediment 
until the breaking waves interacted with the shelf floor. As Yancey and Liu (2013) 
rightly state, the characteristic effects of tsunami waves occur when they become 
breaking waves as they approach shorezones and lose energy on the shoreline and 
backshore, arguing that tsunami waves would not interact with a mid-shelf setting. 
However, Yancey and Liu (2013) do not take into account drawback which will occur 
prior to the tsunami’s arrival on a shelf. Drawback will occur as the shoreline recedes 
dramatically, exposing normally submerged areas as the wavelength of the tsunami 
dramatically decreases. Given the potential size and strength of the Chicxulub related 
tsunami, it is feasible that the drawback was significant enough to interact with shelf 
environments along the northern Gulf of Mexico coastline.  
Potential mass flow deposits are also exposed as part of the K/Pg boundary sections at 
Moscow Landing, Alabama (Yancey and Liu, 2013), a deposit attributed to tsunami 
wave deposition (Smit et al., 1996). The Moscow Landing section contains thick mass-
flow sandstones, not mudstones, but the type of mass flow at each site is different as the 
lithology of mass flow deposits is determined by the sediment present at the site of 
origin and by the type of flow moving over the site of deposition (Yancey and Liu, 
2013).  
6.2.3. Erosion and Sea Floor Topography at the Base of the Event Deposit  
Exposures of the K/Pg contact in the RBS section show erosional relief of Maastrichtian 
mudstone of 0.5–1.0 m in that area and a sea floor positive feature that was high enough 
to avoid being covered with HCS sands that blanket most of the area. The ‘Event 
Deposit’ sands are an upward-fining set of sediments that thin by progressive loss from 
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the base upward, indicating that the lower, coarser sands were never deposited on the 
high and that thinning is not related to later removal by erosion (see Gale, 2006, fig. 5). 
Erosion occurring before deposition of the HCS sands removed all of the un-
consolidated sea floor sediments and exposed stiff muds resistant scouring. Similar 
views of sea floor topography have been seen in sections DMC1, Brazos-1 and RB4, 
but continuing modern erosion and deposition of fluvial deposits has removed or 
covered most of these locales. These structures are deposited on a regional dip of 2 
degrees to the southeast (Hansen et al. 1993).  
Another example of erosional relief on Cretaceous mudstones can be observed along 
Cottonmouth Creek between sections CM1 and CM4, where the event beds disappear 
from the succession against an erosional high of Maastrichtian mudstone. At this 
location the LCH concretion horizon occurs directly above the K/Pg contact. Because of 
the confines of the creek we were unable to excavate this boundary and determine 
whether the shell pavement, described in the RBS section, was present.  
A similar example of erosional relief on Cretaceous seafloor mudstones associated with 
the Chicxulub impact is presented in Olsson et al. (1996) at the Miller’s Ferry site 
excavation in Alabama. Erosional low areas at the site contain a bed of sand matrix 
containing large blocks of calcareous-rich mudstones derived from underlying 
Maastrichtian Prairie Bluff Chalk Foramation. The sands pinch out against the 
underlying mudstone highs, revealing a local erosional relief of at least 1 m (Olsson et 
al., 1996, p. 272). The eroded surface contains scour features oriented in an off-shore 
direction (N–S), comparable to the off-shore-directed erosional features present at the 
Brazos River site in Texas. A top-Maastrichtian undulating erosional surface is also 
seen in Mussel Creek (Alabama). The dominance of mass flows and tempestites in the 
Brazos River ‘Event Bed’ points to the importance of considering a variety of 
depositional processes in interpreting Chicxulub impact-generated deposition on the 
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Gulf of Mexico continental shelves (Yancey and Liu, 2013). The contrast with 
deposition of the ‘Event Bed’ in northern Gulf of Mexico K/Pg sites (e.g., Texas and 
Alabama) with deposition in distal locations where airfall ejecta materials were 
deposited in relatively quiet water settings is significant. The quieter water settings 
preserved a coarser, ballistic ejecta layer overlain with an upper layer of airfall fines 
(e.g., MacLeod et al., 2007; Schulte et al., 2009).  
The interpretation of a transgressive event onto a surface with palaeosol development 
(Gale, 2006; Adatte et al., 2011; Keller et al., 2011) is refuted by microfossil study 
(e.g., Jiang and Gartner 1986; Hansen et al., 1993; Hart et al., 2011) and by 
sedimentological observations (e.g., Yancey 1996; Hart et al., 2012; Yancey and Liu 
2013). Adatte et al. (2011) described/postulated a shallow water, mangrove 
environment in the lowermost Paleogene. This is despite the presence, and abundance 
of ‘globular’ planktic foraminifera recorded within this interval (personal observation, 
Princeton, 2011).  
The absence of the ‘Event Bed’ in the core Mullinax-3 near Darting Minnow Creek was 
reported by Adatte et al. (2011) to indicate that the ‘Event Bed’ had been eroded out by 
a period of sub-aerial exposure and that the presence of a paleosol and rootlets near the 
top of the core was evidence of a mangrove environment in the earliest Danian. 
However, recently acquired field evidence suggests that core Mullinax-3 was probably 
drilled through a positive area of the uppermost Maastrichtian seafloor and, therefore, 
did not contain the ‘Event Bed’ which is only present within the negative “troughs”. 
This is different to Mullinax-1 core which drilled through a ‘trough’ and cored the 
‘Event Bed’ (Fig. 6.71). The rootlets within the ‘paleosol’ (Fig. 6.72) described by 
Adatte et al. (2011) can clearly be attributed to Pleistocene river deposits. The 
pedogenic features (gypsum-filled fractures and wide oxidation margins on mudstone 
blocks) in the Mullinax-3 core illustrated by Adatte et al. (2011, fig. 17) and Keller et 
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al. (2011, fig, 27) directly underlie Pleistocene terrace sediments and are the products of 
Pleistocene weathering processes. Yancey and Liu (2013) state that they are not related 
to K/Pg boundary environments and that there is no good evidence for sub-aerial 
exposure or shallow water deposition of K/Pg deposits exposed in the Brazos River 
area. Interpretation of this part of the succession allows the wider correlation of the 
K/Pg boundary events (Figure 6.73). The sedimentological features within the Brazos 
River area are more variable than those seen at the more classic K/Pg boundary distal 
sections (e.g., Agost, El Kef, Stevns Klint). Also, at Brazos River the sedimentological 
package that represents the K/Pg boundary and subsequent ‘Event Bed’ represents a 
period of erosion, reworking and redeposition and, as a result, the subtle geochemical 
and palaeontological changes seen at other K/Pg boundary sites may not be easily seen 
or recorded. For example, the Iridium anomaly that is used widely to correlate K/Pg 
boundary sections (but does not define it) cannot be used at Brazos where it is a 
reworked and more defuse signal. Consequently, the K/Pg boundary at Brazos is 
defined by an erosional surface and not the deposition of impact related materials (e.g., 
spherules, Iridium etc.), as is the case at other K/Pg boundary sites. Abrupt changes 
and/or extinctions to the micropalaeontology is also obscured by erosional and 
reworking processes. 
Figure 6.71. ‘Event Bed’ cored in Mullinax-1 core. The shell hash ‘Spherule Bed’ is exposed at the base 
of the core, with a series of interbedded mudstones, siltstones and sandstones capping it.  
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Figure 6.72. Rootlets within the uppermost cored material in the Mullinax-3 core. These rootlets were 
described by Adatte et al. (2011) as evidence of a paleosol in Mullinax-3 and a mangrove environment at 
the K/Pg boundary event in the Brazos River area. These rootlets are infilled with gypsum crystals and 
oxidise the surrounding mudstone. However, these rootlets are attributed to overlying Pleistocene river 
deposits and modern day roots from the heavily vegetated Pleistocene deposits.  
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Figure 6.73. Diagramatic overview of The Brazos River K/Pg section with relation to other, more distal 
K/Pg localities in Tunisia and Denmark.  
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7. MICROPALAEONTOLOGY 
 
The benthic foraminifera within all the sections studied in the Brazos River area were 
analysed in order to assess changes to the benthic assemblage from the latest 
Maastrichtian, across the K/Pg boundary and into the early Paleocene. Planktic 
foraminifera were also collected, but not identified down to species level, to assess their 
abundance and changes across the K/Pg boundary. The changes and environmental 
implications to the foraminiferal assemblage are discussed with relation to 
palaeoecology, sequence stratigraphy and depositional environments. 
7.1. Foraminifera Results 
The following sections are summarised for their main features and events for the four 
size fractions: >500 µm (red), 500 µm – 250 µm (green), 250 µm – 150 µm (purple) and 
150 µm – 63 µm (yellow). The distribution of the most abundant species from each 
section was analysed and is summarised in Figures 7.01 – 7.44. The percentages of 
individual benthic species and the analysis of the benthic taxa relate to the percentage of 
the total benthic foraminifera. Planktic foraminifera (heterohelicids and ‘globular’ 
planktic taxa) percentages relate to the total foraminiferal assemblage (planktic plus 
benthic), unless otherwise stated. Statistical results, where presented, relate solely to the 
benthic assemblage. A comprehensive catalogue of all benthic species, the exact counts 
and relative percentages are documented in Appendix I. A description of the statistical 
methods used within this study can be found in Appendix II. All foraminifera from the 
uppermost Maastrichtian to Paleocene succession were well preserved, abundant and 
diverse. Dissolution was not a factor within the Brazos River area and so the benthic 
assemblages are thought to represent a true assemblage. The K/Pg boundary is defined 
as the base of the ‘Event Bed’ in accordance with the definition of Molina et al. (2006). 
Planktic foraminiferal biozones were confirmed by Chengjiu Liu (Exxon Mobil, 
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Houston) and calcareous nannofossil biostratigraphy of the succession at RBS was 
determined by Matt Hampton (Network Stratigraphic Consulting Ltd.). Taxonomy 
relates to Cushman (1945), unless otherwise stated.  
  
7.1.1. Riverbank Sections (RBS, Brazos-1, RB4-5, RBW and RBN) 
Riverbank South (RBS)  
The Riverbank South section is the most stratigraphically complete section in the 
Brazos River area and should be considered the type section for the area. The uppermost 
Maastrichtian is dominated by Lenticulina rotulata and Robulus spp. in the >500 µm 
(Fig. 7.01) and 500 – 250 µm (Fig. 7.02) size fractions. The assemblages in the 500 – 
250 µm and the 250 – 150 µm (Fig. 7.03) size fractions contain significant numbers of 
agglutinated benthic species (e.g., Clavulinoides spp., Haplophragmoides spp. and 
Pseudogaudryinella capitosa). Planktic foraminifera are absent from the >500 µm size 
fraction, but increase in abundance in the smaller the size fractions, becoming dominant 
(particularly heterohelicids) in the 250 – 150 µm and 150 – 63 µm (Fig. 7.04) size 
fractions. The 150 – 63 µm size fraction is dominated by planktic foraminifera, the 
benthic assemblage consisting of small rounded, trochospiral, species such as Cibicides 
spp., Gyroidina depressa and Planulina spp., as well as small numbers of Lenticulina 
spp. Immediately above the K/Pg boundary, in the ‘Event Bed’, the assemblage consists 
of reworked specimens of, essentially, an uppermost Maastrichtian assemblage, with 
Lenticulina spp. and Robulus spp. dominating the large size fractions and Cibicides 
spp., Anomalina spp., Gyroidina depressa and Planulina spp. dominating the smaller 
size fractions. There is, however, a reduced number of agglutinated foraminifera in all 
of the size fractions. Above the ‘Event Bed’, in the earliest Paleocene, agglutinated 
benthic foraminifera dominate the assemblage for a short interval. Ammobaculites spp., 
Haplophragmoides spp. and Clavulinoides spp. are particularly dominant, especially in 
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the 500 – 250 µm (Fig. 7.02) and 250 – 150 µm (Fig. 7.03) size fractions. The 
remainder of the benthic assemblage consists mainly of rounded species such as 
Cibicides spp., Lenticulina spp., Robulus spp. and Anomalina spp. Planktic foraminfera 
are almost totally absent from the >500 µm, 500 – 250 µm and 250 – 150 µm size 
fractions in this interval, while the 150 – 63 µm size fraction has a much reduced 
abundance of planktic foraminifera, especially heterohelicids. Above this interval, 
pulses of increasing numbers of species occur in all size fractions: e.g., Eponides 
haidingerii in the 500 – 250 µm and 250 – 150 µm size fractions, Pulvinulinella 
glabrata in the 250 – 150 µm and 150 – 63 µm size fractions and Virgulina tegulata in 
the 150 – 63 µm size fraction. Large, flattened, discoidal ‘Lenticulina’ spp. occur in a 
short-lived interval in the >500 µm size fraction approximately 2 metres above the 
‘Event Bed’ in the MSB. These large foraminifera occur along with Lenticulina spp., 
Robulus spp. and large, elongate, uniserial species such as Nodosaria affinis, Dentalina 
spp., Marginulina spp. and Vaginulina cretacea. This dominance of elongate, uniserial 
species is also observed within the 500 – 250 µm size fraction. A second pulse of 
agglutinated benthic species occurs above this event at the top of the MSB in the >500 
µm and 500 – 250 µm size fractions, represented mainly by large, coarsely-agglutinated 
forms of Frankeina spp. and finely agglutinated Clavulinoides spp. Planktic 
foraminifera return to uppermost Maastrichtian levels of abundance at this horizon, as 
seen in the 250 – 150 µm and 150 – 63 µm size fractions. This gradual increase in 
planktic foraminifera is almost entirely related to the occurrence of ‘globular’ planktic 
taxa while heterohelicicds are little more than just present within the samples. The 
benthic assemblage within this interval, in these smaller size fractions, is again 
dominated by fluctuating numbers of small, rounded forms such as Cibicides spp., 
Anomalina spp., Gyroidina depressa and Pulvinulinella spp. These species dominate 
the smaller size fractions for the remainder of the section. The percentage of benthic 
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taxa compared to the percentage of planktic taxa increases at the top of the section in 
the 250 – 150 µm and 150 – 63 µm size fractions and dominates the assemblage. The 
benthic assemblage in the >500 µm and 500 – 250 µm size fractions near the top of the 
section consists of Lenticulina spp. and Robulus spp., as well as large elongate uniserial 
forms such as Nodosaria affinis, Vaginulina cretacea and Ellipsonodosaria spp., but not 
in as great an abundance as lower down in the section within the MSB where elongate, 
uniserial forms dominated the benthic foraminiferal assemblage (see above). The 
biostratigraphic marker for the Midway age (early Danian), Robulus midwayensis, 
occurs in increasing abundance towards the top of the section. The Fisher Alpha values 
in the >500 µm size fraction increase from the base of the section, peaking at the top of 
the MSB and then gradually decreasing to uppermost Maastrichtian values by the top of 
the section. This pattern is also seen in the Shannon-Weiner (H) values in the >500 µm 
size fraction. The 500 µm – 250 µm size fraction also has its peak Shannon-Weiner 
values at this point, but the peak Fisher Alpha values are at the top of the ‘Event Bed’. 
This is also recorded in the 250 µm – 150 µm size fraction. In the 150 µm – 63 µm size 
fraction, the peak Fisher Alpha values are above the MSB and DSB interval near the top 
of the section while the Shannon-Weiner (H) value fluctuates slightly throughout the 
section. The Evenness (H/S), in all but the >500 µm size fraction, is stable with only 
slight fluctuations throughout the section. The Evenness (H/S) values of the >500 µm 
size fraction are noisy, but show the lowest values within the MSB and DSB interval. 
When the Fisher Alpha values of all size fractions are plotted together (Fig. 7.05), a 
clear pattern can be seen with peak values in the basal Paleocene and at the top of the 
MSB and DSB. This can be seen in Figure 7.06 where the mean Fisher Alpha values of 
all the size fractions are combined together. When Fisher Alpha is plotted against 
Shannon-Weiner (Fig. 7.07), the values of each size fraction group together into distinct 
groupings.  
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 Figure 7.02. B
enthic foram
inifera distribution in the 500 µm
 – 250 µm
  size fraction from
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iverbank South.	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 Figure 7.04. B
enthic foram
inifera distribution in the 150 µm
 – 63 µm
  size fraction from
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iverbank South.	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Figure 7.05 (Top). Fisher Alpha values from the Riverbank South section for the four size fractions: 
>500 µm (red), 500 µm – 250 µm (green), 250 µm – 150 µm (purple) and 150 µm – 63 µm (yellow). 
Figure 7.06 (Bottom). Fisher Alpha value based on the compiled values from each size fraction. 
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Figure 7.07. Fisher Alpha values plotted against Shannon-Weiner (H) values from Riverbank South.  
Brazos-1 
The Brazos-1 section extends from the top of the ‘Event Bed’ into the Paleocene and is 
the most stratigraphically extensive section of the lowermost Paleocene, after the RBS 
section. The base of Brazos-1, in the largest size fraction, >500 µm (Fig. 7.08), is 
dominated by large agglutinated benthic foraminifera, particularly Ammobaculites spp. 
Large, rounded benthic foraminifera Lenticulina rotulata and Robulus spp. comprise the 
remaining, dominant benthic foraminifera species in the assemblage and fluctuate in 
relative percentages throughout this initial horizon. The 500 µm – 250 µm (Fig. 7.09) 
and 250 µm – 150 µm (Fig. 7.10) size fractions also show a dominance of agglutinated 
taxa within this horizon, with Ammobaculites spp. and Haplophragmoides spp. 
dominating the assemblage. The smallest size fraction 150 µm - 63 µm (Fig. 7.11) has 
small abundances of small, rounded species such as Gyroidina depressa, Cibicides spp. 
and Anomalina spp. Planktic foraminifera in this horizon directly above the ‘Event Bed’ 
are in small numbers and decline rapidly into early Paleocene. Above the agglutinated  
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benthic foraminifera dominated interval, large, rounded benthic foraminifera 
Lenticulina rotulata and Robulus spp. comprise the remaining dominant benthic 
foraminifera species within the assemblage in the >500 µm (Fig. 7.08) which fluctuate 
in relative percentages. Agglutinated benthic foraminifera decrease in abundance, with 
Ammobaculites spp. decreasing rapidly in the >500 µm and Ammobaculites spp. and 
Haplophragmoides spp. decreasing gradually into the Paleocene in the 500 µm – 250 
µm (Fig. 7.09) and 250 µm – 150 µm (Fig. 7.10) size fractions. Some calcareous species 
increase gradually at this point in the 500 µm – 250 µm (Fig. 7.09) and 250 µm – 150 
µm (Fig.7.10) size fractions, particularly Eponides haidingerii which becomes one of 
the dominant species in the 500 µm – 250 µm and 250 µm – 150 µm size fractions. In 
the 150 µm – 63 µm size fraction, the assemblage is dominated by increasing numbers 
of Cibicides spp. (particularly Cibicides subcarinatus), Gyroidina depressa and 
Anomalina spp. A second agglutinated-dominated event occurs mid-section 
(approximately 1.3 m above the ‘Event Bed’), almost exclusively represented by 
Trochammina trinitatensis, in the 500 µm – 250 µm and 250 µm – 150 µm size 
fractions. Planktic foraminifera are exclusively found in the smallest size fraction in 
very low abundances in this interval, numbers having decreased rapidly in all size 
fractions. Other benthic species occur sporadically in pulses at this interval, particularly 
Pulvinulinella glabrata, which increases in numbers gradually towards the top of the 
section in the 250 µm – 150 µm and 150 µm – 63 µm size fractions to become one of 
the dominant species. The top of the section is dominated by Lenticulina spp and 
Robulus spp in the larger size fractions (>500 µm and 500 µm – 250 µm), with large, 
elongate uniserial benthic foraminifera Nodosaria affinis and Vaginulina cretacea 
present, but not abundant, in the uppermost samples. The 250 µm – 150 µm  and 150 
µm – 63 µm size fractions are again dominated by small, rounded species such as, 
Pulvinulinella glabrata, Gyroidina spp., Anomalina spp. and Cibicides spp. ‘Globular’ 
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planktic foraminifera begin to increase in abundance slowly up-section in the 150 µm – 
63 µm size fraction in the uppermost samples while heterohelicids are almost entirely 
absent. The Fisher Alpha values for the larger size fractions (500 µm and 500 µm – 250 
µm) are low in the earliest Paleocene and gradually increase towards the top of the 
section, increasing rapidly in the uppermost samples to the highest values of the whole 
section. The Fisher Alpha values for the 250 µm – 150 µm and 150 µm – 63 µm size 
fractions show the opposite trend. The greatest values are recorded in the lowermost 
samples, which gradually decrease towards the top of the section, except one increase in 
values mid-section in the 250 µm – 150 µm Fisher Alpha values. The Evenness (H/S) 
values in all size fractions fluctuate slightly, but are more or less a stable signal 
throughout the section. The Shannon-Weiner (H) values throughout the section match 
the Fisher Alpha values almost exactly. This is particularly seen in the 250 µm – 150 
µm and 150 µm – 63 µm size fractions. This relationship indicates that the species 
richness is directly proportional to the diversity of the benthic assemblage. 
Riverbank 4-5 
Benthic foraminifera are the dominant group within all samples analysed within the 
RB4-5 section and are summarised in Figures 7.12 – 7.15. They accounted for the vast 
majority of the foraminiferal assemblage in the larger size fractions (>150 µm). In the 
smaller size fraction (150 – 63 µm, Fig. 7.15), the benthic foraminifera account for only 
16.35% in the uppermost Maastrichtian sample. Benthic foraminifera dominant the 
assemblage mid-way through the sampled interval in the Paleocene. In the largest size 
fraction (>500 µm, Fig. 7.12) planktic foraminifera are completely absent for the 
entirety of the section. In the 500 µm – 250 µm size fraction (Fig. 7.13), planktic 
foraminifera have a minimal abundance above the K/Pg boundary, compared to the 
uppermost Maastrichtian in which the planktic foraminifera account for 43.50% of the 
assemblage.  
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 Figure 7.09. B
enthic foram
inifera distribution in the 500 µm
 – 250 µm
 size fraction from
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 Figure 7.11. B
enthic foram
inifera distribution in the 150 µm
 – 63 µm
 size fraction from
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The decrease in planktic foraminifera across the boundary is consistent and more 
pronounced in the smaller size fractions (<150 µm). In the 250 µm – 150 µm size 
fraction (Fig. 7.14), the total planktic foraminifera percentage is 73.57% below the K/Pg 
boundary, which decreases rapidly to 0% mid-way through the section, approximately 
80cm above the boundary complex. The same pattern exists in the 150 µm – 63 µm size 
fraction. Both smaller size fractions (250 µm – 150 µm and 150 µm – 63 µm) record a 
recovery in the planktic foraminiferal abundance near the top of the section. When split 
into ‘globular’ planktic taxa and heterohelicids, a different pattern can be seen. The 150 
µm – 63 µm size fraction records a gradual decrease of heterohelicids in the uppermost 
Cretaceous to near the top of the section. This is in contrast to the ‘globular’ planktic 
taxa, which remain consistent across the boundary and into the Paleocene. The 
‘globular’ planktic taxa begin to increase gradually near the top of the section. This 
pattern is also duplicated in the 250 µm – 150 µm size fraction, where heterohelicids are 
almost completely absent approximately 50 cm above the boundary. The benthic 
foraminifera display a different pattern across the K/Pg boundary. In the uppermost 
Maastrichtian sample, larger size fractions are totally dominated by lenticulinids, 
specifically Lenticulina rotulata and Robulus spp. The smaller size fractions (<250 µm) 
are dominated by planktic taxa and the benthic foraminifera present within these 
samples consists of small, rounded epifaunal species such as Cibicides subcarinatus and 
Gyroidina depressa. Lenticulina rotulata and Robulus spp. dominate the larger size 
fractions in the samples across the boundary (up to 100% in earliest Palaeocene 
samples) with other, large, agglutinated species such as Clavulinoides spp. and Tritaxia 
spp. Immediately above the boundary, agglutinated foraminifera appear within the 
larger size fraction, represented by Haplophragmoides spp. Clavulinoides spp. and 
Ammobaculites spp. Further into the Palaeocene, small rounded species appear 
sporadically in ‘pulses’. This pattern is demonstrated by Eponides haidingerii and 
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Pulvinulinella glabrata. Eponides haidingerii increases in abundance rapidly in the 500 
µm – 250 µm size fraction. This pattern is also observed within the 250 µm – 150 µm 
size fraction where Eponides haidingerii increases incrementally into the mid-section. 
Pulvinulinella glabrata displays more of a pulse like signal, increasing in abundance 
rapidly within the 250 µm – 150 µm size fraction. The smaller, rounded epifaunal 
species, (Cibicides spp., Gyroidina spp., etc.) dominate the smallest (150 µm – 63 µm) 
size fraction. Approximately 1.5 m above the K/Pg boundary, the dominance of 
lenticulinids (specifically Lenticulina rotulata) in the larger size fractions changes with 
the introduction and dominance of large, elongate, uniserial benthic foraminifera from 
1.5 m above the K/Pg boundary to the top of the section. Vaginulina cretacea, 
Nodosaria affinis, Dentalina spp. and Marginulina spp. all dominate the assemblage. 
This can be seen in Figures 7.12 and 7.13, where the elongate, benthic foraminifera 
percentage is plotted against the rounded, benthic foraminifera. The appearance of these 
long, uniserial, benthic foraminifera coincides with more macrofauna being present 
within the samples ~1.5m above the K/Pg boundary. Samples in the top of the section 
include significant percentages of large, agglutinated benthic foraminfera, such as 
Clavulinoides spp. and Frankeina spp. Gastropods and bivalves are present as 
whole/complete individuals and as fragments in great abundance above this level, 
although their abundance has not been quantified. Ostracods also become abundant at 
this level and, although present throughout the section in very small numbers, appear in 
a ‘bloom’ like fashion. They are represented by a low diversity assemblage and the vast 
majority of the specimens are a single valve and are referable to the genus 
Brachycythere(?). A selection of these ostracods consist of the whole carapace and 
many of these individuals display borings on the valve surface, the borings are probably 
the result of nauticid gastropod predation or, perhaps, scaphopods. 
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 Figure 7.15. B
enthic foram
inifera distribution in the 150 µm
  - 63  µm
 size fraction from
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Riverbank West (RBW) 
The Riverbank West section is entirely in the uppermost Maastrichtian and extends the 
furthest down into the Maastrichtian (18 m) than any other section. The largest size 
fraction, >500 µm (Fig. 7.16) is almost entirely dominated by large, rounded benthic 
foraminifera (Lenticulina rotulata and Robulus spp.) which fluctuate in relative 
percentages throughout the section. The 500 µm – 250 µm (Fig. 7.17) and 250 µm – 150 
µm (Fig. 7.18) size fractions have large numbers of agglutinated benthic foraminifera 
within them, consisting mainly of Clavulinoides spp. and Trochammina spp. These 
agglutinated species occur throughout the section in small numbers and there are not any 
clear ‘events’ where these agglutinated species are particularly abundant. The 
agglutinated benthic foraminifera are so abundant at certain horizons that the assemblage 
is almost entirely consisting of agglutinated foraminifera. The remainder of the 
assemblage consists mainly of Lenticulina rotulata with small numbers of other rounded 
taxa such as Planularia spp., Hoeglundina spp., Cibicides spp. and Robulus spp. The 
smallest size fraction, (Fig. 7.19) also contains a significant proportion of agglutinated 
benthic foraminifera (e.g., Clavulinoides spp. and Trochammina spp.), but is dominated 
by small, rounded species such as Cibicides spp., Anomalina spp. and Gyroidina 
depressa. Some small elongate species, such as Bulimina spp. and Pseudouvigerina 
seligi, are also common. The smallest size fraction, as with the larger size fractions, does 
not display any clear ‘events’, with the relative percentages of these species fluctuating. 
The only significant change to the benthic foraminiferal assemblage in the smallest 150 
µm – 63 µm (Fig. 7.19) size fraction is the decrease of Gyroidina depressa from an 
abundant/common species, lower into the Maastrichtian, to much less abundant near the 
top of the section. The Fisher Alpha and Shannon-Weiner (H) values fluctuate within the 
RBW section, with two ‘events’ observed; firstly, in the lower part of the section, shows 
a decrease in both the Fisher Alpha and Shannon-Weiner values (immediately followed 
by a dramatic increase in these values in the 500 µm – 250 µm and 250 µm – 150 µm size 
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fraction); and secondly, in the upper part of the section, shows a sharp increase in both 
these values followed by a gradual decrease towards the top of the section. The sharp 
increase in the upper part of the section is located at 5 – 7 m below the K/Pg boundary. 
At about this level, there is a fine-grained sandstone body recorded in the field and so 
this second signal may reflect a change in sedimentology and hence palaeoenvironment. 
Planktic foraminfera are abundant, within all but the >500 µm size fraction and fluctuate 
in relative percentages. The larger size fractions are dominated by ‘globular’ planktic 
taxa and the smaller size fraction is dominated by heterohelicids. The 150 µm – 63 µm 
(Fig. 7.19) size fraction is dominated by heterohelicids, which increase greatly near the 
top of the section as the ‘globular’ planktic taxa decrease, possiblyly reflecting a slight 
change in water depth.  
Riverbank North (RBN) 
The Riverbank North section is entirely in the uppermost Maastrichtian. The largest size 
(>500 µm, Fig. 7.20) fraction is almost entirely dominated by Lenticulina rotulata. The 
remaining size fractions (500 µm – 250 µm [Fig. 7.21], 250 µm – 150 µm [Fig. 7.22] and 
150 µm – 63 µm [Fig. 7.23]) are dominated by planktic taxa, particularly heterohelicids, 
which become increasingly dominant in the smaller size fractions. This increase 
coincides with a decrease of globular planktic taxa, in the uppermost sample. The benthic 
assemblage of the 500 µm – 250 µm (Fig. 7.21) size fraction is dominated by Lenticulina 
rotulata with small percentages of agglutinated species (Pseudogaudryinella capitosa, 
Gaudryina spp. and Clavulinoides trilatera var. concava) and rounded species (e.g., 
Planularia spp., Planulina spp. and Cibicides spp.). The 250 µm – 150 µm (Fig. 7.22) 
size fraction has increased numbers of these rounded species, while the 150 µm – 63 µm 
(Fig. 7.23) benthic assemblage is dominated by Gyroidina depressa, Cibicides spp. and 
Pulvinulinella spp. There is little variation of individual species throughout this section 
in all size fractions.  
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 Figure 7.17. B
enthic foram
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Figure 7.20. Benthic foraminifera distribution in the >500 µm size fraction from Riverbank North.	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Figure 7.21. Benthic foraminifera distribution in the 500 µm - 250 µm size fraction from 
Riverbank North.	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Figure 7.22. Benthic foraminifera distribution in the 250 µm - 150 µm size fraction from 
Riverbank North.	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Figure 7.23. Benthic foraminifera distribution in the 150 µm - 63 µm size fraction from Riverbank 
North.	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7.1.2. Cottonmouth Creek (CM-1, CM-4, CMWF and CMC) 
CM-1 
The Cottonmouth Creek-1 (CM-1) section consists of the uppermost Maastrichtian into 
the base of the ‘Event Bed’. A single specimen of P. hantkeninoides was recovered, 
confirming a latest Maastrichtian age for the mudstones. The largest size fraction, > 500 
µm (Fig. 7.24), is almost entirely dominated by Lenticulina rotulata with some Robulus 
spp. sporadically occurring. No planktic foraminifera are present within this size 
fraction. The remaining size fractions, 500 µm – 250 µm (Fig. 7.25), 250 µm – 150 µm 
(Fig. 7.26) and 150 µm – 63 µm (Fig. 7.27) show slight fluctuations in relative 
percentages of all species, but the values are ‘stable’. The 500 µm – 250 µm (Fig. 7.25) 
and 250 µm – 150 µm (Fig. 7.26) size fractions consist mainly of Lenticulina rotulata 
and Cibicides spp. as well as small numbers of other rounded species (e.g., 
Pulvinulinella spp.). These size fractions have a large number of agglutinated 
foraminifera within them, represented mainly by Plectina watersi, Pseudogaudryinella 
capitosa, Clavulinoides spp. and Trochammina spp. throughout the section. The 
agglutinated species are most abundant in the 250 µm – 150 µm (Fig. 7.26) size 
fraction, represented mainly by Clavulinoides spp. The smallest size fraction, 150 µm – 
63 µm (Fig. 7.27), is dominated by Cibicides spp., Gyroidina depressa, Planulina spp. 
and Pulvinulinella spp. throughout the section. The uppermost sample, from the base of 
the ‘Event Bed’, consists of reworked taxa, but has an assemblage essentially of the 
upper Maastrichtian. No individual taxa have been preferentially reworked and there is 
no selectivity to the reworking of the taxa as there is no dominance of one species or 
genus within this sample. Planktic foraminifera are dominant throughout, increasing in 
dominance within the smaller size fractions. ‘Globular’ planktic taxa decrease in 
abundance near the top of the section close to the K/Pg boundary with heterohelicids 
dominating not only the planktic count, but also the total assemblage. 
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Figure 7.24. Benthic foraminifera distribution in the >500 µm size fraction from CM-1	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Figure 7.25. Benthic foraminifera distribution in the 500 µm - 250 µm size fraction from CM-1.	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 Figure 7.26. Benthic foraminifera distribution in the 250 µm - 150 µm size fraction from CM-1.	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Figure 7.27. Benthic foraminifera distribution in the 150 µm - 63 µm size fraction from CM-1.	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CM-4 
The Cottonmouth Creek-4 (CM-4) section covers an interval from 40 – 200 cm above 
the ‘Event Bed’. Benthic foraminifera are dominant in the >500 µm (Fig. 7.28), 500 µm 
– 250 µm (Fig. 7.29), 250 µm – 150 µm (Fig. 7.30) and 150 µm – 63 µm (Fig. 7.31) size 
fractions. The base of the section records low diversity and abundance, barren in the 
>500 µm size fraction. Eponides haidingerii, Lenticulina rotulata and Planulina spp. are 
the dominant species in the larger size fractions; 500 µm – 250 µm (Fig. 7.29) and 250 
µm – 150 µm (Fig. 7.30). The smallest size fraction (Fig. 7.31) is, again, dominated by 
small, rounded species; including Cibicides spp., Anomalina spp. and Gyroidina 
depressa. A pulse of agglutinated benthic foraminifera occurs in the sample above, and 
are apparent in all size fractions, except the >500 µm size fraction and most apparent in 
the 500 µm – 250 µm (Fig. 7.29) size fraction. This pulse of mainly Haplophragmoides 
spp. and Ammobaculites spp. is short-lived and not apparent further up the section. Up 
section, the larger size fractions, >500 µm (Fig. 7.28), 500 µm – 250 µm (Fig. 7.29), 
show an increase in elongate, uniserial benthic foraminifera such as Vaginulina 
cretacea, Ellipsonodosaria spp., Dentalina spp., Marginulina spp. and Nodosaria affinis 
that continues to the top of the section. This assemblage also contains large numbers of 
rounded Lenticulina rotulata, Robulus spp. and large, flattened, discoidal ‘Lenticulina’ 
species. The smaller size fractions, 250 µm – 150 µm (Fig. 7.30) and 150 µm – 63 µm 
(Fig. 7.31), record pulses of Pulvinulinella spp., Eponides haidingerii, Cibicides spp. 
and Anomalina spp. with the benthic assemblage of the smallest size fraction dominated 
by Cibicides spp. and Anomalina spp. The planktic foraminifera are completely absent 
from the >500 µm and 500 µm – 250 µm size fractions and are only in small relative 
abundances in the 250 µm – 150 µm size fraction. The smallest size fraction is the only 
size fraction where the planktic foraminifera are common to abundant, showing a sharp 
decrease of heterohelicids through the section, while the ‘globular’ planktic taxa 
increase in abundance to dominate the assemblage towards the top of the section. 
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Figure 7.28. Benthic foraminifera distribution in the <500 µm size fraction from CM-4.	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Figure 7.29. Benthic foraminifera distribution in the 500 µm - 250 µm size fraction from CM-4.	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Figure 7.30. Benthic foraminifera distribution in the 250 µm - 150 µm size fraction from CM-4.	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Figure 7.31. Benthic foraminifera distribution in the 150 µm - 63 µm size fraction from CM-4.	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Cottonmouth Creek Waterfall (CMWF) 
The Cottonmouth Creek Waterfall section provides samples from the uppermost 
Maastrichtian and the ‘Event Bed’. Although the ‘Event Bed’ assemblages comprise 
reworked foraminifera, these were investigated in order to determine what taxa were 
being reworked and their geological range. The uppermost Maastrichtian, in the >500 
µm size fraction (Fig. 7.32), consists almost entirely of Lenticulina rotulata and 
Robulus spp. Some very large Vaginulina webbervillensis are also present. No planktic 
or agglutinated benthic taxa are recorded in this size fraction. The 500 µm – 250 µm 
(Fig. 7.33) size fraction is also dominated by Lenticulina rotulata and Robulus spp., 
together with some agglutinated taxa (Trochammina spp., Clavulinoides spp. and 
Plectina spp.). The abundance of agglutinated taxa peaks just below the ‘Event Bed’ 
and then sharply decreases within the ‘Event Bed’. The 250 µm – 150 µm (Fig. 7.34) 
and 150 µm – 63 µm (Fig. 7.35) size fractions are dominated by Pulvinulinella spp., 
Cibicides spp., Gyroidina depressa and Planulina spp. These smaller size fractions also 
contain an assemblage dominated by agglutinated taxa (Trochammina spp., 
Clavulinoides spp. and Plectina spp.), decreasing in dominance and frequency in the 
smallest size fraction and up-section towards the ‘Event Bed’. The frequency of smaller 
foraminifera present within the ‘Event Bed’ is low and, as a result, the smaller size 
fractions were not studied throughout the ‘Event Bed’. Where studied, the smaller size 
fractions contain what is, essentially, an upper Maastrichtian assemblage. Although 
these species are reworked in the ‘Event Bed’, there is no evidence for any preferential 
reworking of individual species and/or genera within the smaller size fractions. The 
>500 µm and 500 µm – 250 µm size fraction shows a decrease in diversity and 
abundance within this reworked interval. Lenticulina rotulata and Robulus spp. are the 
dominant taxa. The dominance of these taxa within the larger size fractions of the 
‘Event Bed’ interval suggests that they are preferentially reworked ahead of other 
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benthic taxa in the large size fractions. Planktic foraminifera are abundant throughout 
the upper Maastrichtian, particularly heterohelicids within the smallest size fractions, 
but these taxa are very rare in the ‘Event Bed’.  
Cottonmouth Creek (CMC) 
The CMC section is a compilation of several sections along Cottonmouth Creek that 
were spot sampled during fieldwork and analysed for their biostratigraphic and 
stratigraphical relationships and position. The uppermost Maastrichtian, in the >500 µm 
(Fig. 7.36) and 500 µm – 250 µm (Fig. 7.37) size fractions, is dominated by Lenticulina 
rotulata and agglutinated taxa (Clavulinoides spp., Haplophragmoides spp. and 
Trochammina spp.). While the 250 µm – 150 µm (Fig. 7.38) and 150 µm – 63 µm (Fig. 
7.39) size fractions are also dominated by Lenticulina rotulata and agglutinated taxa 
(although in much less abundance than the larger size fractions), as well as small 
rounded species such as Cibicides spp., Anomalina spp. and Gyroidina depressa. The 
planktic foraminifera are common to abundant within these smaller size fractions, with 
heterohelicids comprising most of the assemblage. A single specimen of P. 
hantkeninoides was recovered, confirming a latest Maastrichtian age. Immediately 
above the ‘Event Bed’, in the early Paleocene, the larger size fractions (>500 µm and 
250 µm – 150 µm) are barren of all foraminifera while the assemblages of the smaller 
size fractions (250 µm – 150 µm and 150 µm – 63 µm) are mainly comprised of small 
rounded species – particularly Anomalina spp., Gyroidina depressa and Cibicides spp. 
The interval above this records an agglutinated pulse of predominantly Ammobaculites 
spp. and Haplophragmoides spp., observed especially well in the 500 µm – 250 µm 
(Fig. 7.37) and 250 µm – 150 µm (Fig. 7.38) size fractions. Planktic foraminifera are 
restricted entirely to the 150 µm – 63 µm size fraction and occur in very low numbers. 
Further up-section, the larger size fractions, >500 µm (Fig. 7.36) and 500 µm – 250 µm 
(Fig. 7.37), show an increase in elongate, uniserial benthic foraminifera such as 
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Vaginulina cretacea, Ellipsonodosaria spp., Dentalina spp., Marginulina spp. and 
Nodosaria affinis. This assemblage also contains large numbers of large, flattened, 
discoidal ‘Lenticulina’ species, as observed in the Riverbank sections (RBS, Brazos-1, 
RB4-5). The smaller size fractions (250 µm – 150 µm and 150 µm – 63 µm) contain 
mainly Cibicides spp., Anomalina spp. and Gyroidina depressa. Some taxa, especially 
Eponides haidingerii and Pulvinulinella glabrata, occur in pulses throughout this 
interval. ‘Globular’ planktic foraminifera begin to reappear in the assemblage in this 
interval, approximately 2 m above the top of the ‘Event Bed’, and increase gradually 
towards the top of the section, while the heterohelicids are totally absent, or in very low 
numbers, at the top of the section. The assemblage in the larger size fractions at the top 
of the section is dominated by Lenticulina rotulata, Robulus spp. and some uniserial, 
elongate species, but not in the same abundance or diversity recorded down section. The 
biostratigraphical marker for the Midway age (early Danian), Robulus midwayensis, 
occurs in increasing abundance towards the top of the section. The smaller size fractions 
are dominated by Gyroidina depressa, with small numbers of Cibicides spp. and 
Anomalina spp., which comprise the majority of the remaining assemblage.  
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Figure 7.32. Benthic foraminifera distribution in the >500 µm size fraction from CMWF.	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Figure 7.33. Benthic foraminifera distribution in the 500 µm - 250 µm size fraction from CMWF.	  	  
Chapter 7 - Micropalaeontology
516
  
 
 
 
 
Figure 7.34. Benthic foraminifera distribution in the 250 µm - 150 µm size fraction from CMWF.	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Figure 7.35. Benthic foraminifera distribution in the 150 µm - 63 µm size fraction from CM-1.	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Figure 7.36. Benthic foraminifera distribution in the >500 µm size fraction from CMC.	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Figure 7.37. Benthic foraminifera distribution in the 500 µm - 250 µm size fraction from CMC.	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Figure 7.38. Benthic foraminifera distribution in the 250 µm - 150 µm size fraction from CM-1.	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Figure 7.39. Benthic foraminifera distribution in the 150 µm - 63 µm size fraction from CMC.	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7.1.3. Darting Minnow Creek 
Darting Minnow Creek was initially spot sampled in areas away from the waterfall as 
the stratigraphical relationships were not known. Biostratigraphical and sedimentology 
observations allowed the stratigraphical relationships to be determined. In the uppermost 
Maastrichtian, the benthic foraminiferal assemblage is a relatively uniform assemblage 
with little variability of the Fisher Alpha, Shannon-Weiner (H) and Evenness (H/S) in 
the >500 µm (Fig. 7.40), 500 µm – 250 µm (Fig. 7.41), 250 µm – 150 µm (Fig. 7.42) and 
150 µm – 63 µm (Fig. 7.43) size fractions. The assemblage is dominated by Lenticulina 
rotulata and Robulus spp. and large agglutinated species such as Clavulinoides spp. in 
the largest size fractions. The smaller size fractions are dominated by small, rounded 
species such as Gyroidina depressa, Anomalina spp. and Cibicides spp. The planktic 
foraminifera are also significant within these assemblages, becoming more abundant in 
the smaller size fractions (especially the heterohelicids).  Across the K/Pg boundary, 
there is a short-lived decrease in small, rounded species such as Gyroidina spp. and 
Cibicides spp., with the larger benthic foraminifera seemingly unaffected by the K/Pg 
boundary event; Lenticulina rotulata increasing gradually, for example. A pulse of 
larger agglutinated species, such as Clavulinoides spp. and Haplophragmoides spp., 
occurs immediately above the ‘Event Bed’ for a short interval of the early Paleocene. 
This can be seen in the 500 µm – 250 µm (Fig. 7.41) and, particularly, in the 250 µm – 
150 µm (Fig. 7.42) size fractions. The planktic foraminifera disappear almost entirely in 
the lowermost Paleocene, especially the heterohelicids that were so dominant within the 
uppermost Maastrichtian. Heterohelicids are only recorded in the smallest size fractions 
in very low numbers. Some smaller benthic species display ‘recovery’ patterns into the 
Paleocene, despite no true extinctions having been recorded. These pulses are often 
short-lived; e.g., Robulus spisso-costatus and Valvulineria cretacea in the >500 µm (Fig. 
7.40) and 500 µm – 250 µm (Fig. 7.41) size fractions or Anomalina henbesti and 
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Loxostoma cushmani in the smaller 250 µm – 150 µm (Fig. 7.42) and 150 µm – 63 µm 
(Fig. 7.43) size fractions. Some benthic species increase gradually into the Paleocene 
including Pulvinulinella glabrata, Eponides haidingerii and Anomalina clementiana. 
The smallest size fractions are dominated by small, rounded species such as Cibicides 
spp., Anomalina spp. and Gyroidina depressa higher in the lowermost Paleocene. 
Approximately 2 metres into the Paleocene, the largest size fractions (>500 µm [Fig. 
7.40] and 500 µm – 250 µm [Fig. 7.41]) are dominated by large, uniserial, elongate 
foraminifera (e.g., Nodosaria affinis, Vagulinina cretacea, Marginulina spp. and 
Dentalina spp.), large rounded Lenticulina spp. and Robulus spp. and previously 
undescribed, large, flattened discoidal ‘Lenticulina’ species. This ‘event’ was also seen 
in the Riverbank and Cottonmouth Creek sections at the same height in the succession. 
At this stratigraphical level, the Fisher Alpha and Shannon-Weiner (H) values increase 
as the assemblage becomes very diverse. Large, coarsely agglutinated, benthic 
foraminifera (e.g., Frankeina spp., Tritaxia spp. and Clavulinoides spp.) are also present 
within this interval. This assemblage is short lived through the MSB and DSB sandstone 
bodies. The top of the section exposed at Darting Minnow Creek is characterised by the 
larger size fractions being less diverse, with the Fisher Alpha and Shannon-Wiener (H) 
values decreasing. This interval is dominated by large, rounded Lenticulina spp. and 
Robulus spp. as well as some elongate taxa, such as Nodosaria affinis and Vaginulina 
cretacea. The smallest size fractions record an increase in diversity as indicated by the 
increasing Fisher Alpha and Shannon-Weiner (H) values, and the assemblage being 
dominated by small rounded species Anomlaina spp., Cibicides spp., Gyroidina 
depressa and Pulvinulinella glabrata. The top of the section is also characterised by the 
recovery and dominance of the ‘globular’ planktic foraminifera. This is particularly seen 
in the 250 µm – 150 µm (Fig. 7.42) and 150 µm – 63 µm (Fig. 7.43) smaller size 
fractions. The Evenness (H/S) doesn’t show significant changes throughout the section.  
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7.1.4. Results synopsis  
The various sections investigated from within the Brazos River area cover a 
stratigraphical range from the uppermost Maastrichtian into the Paleocene. A number of 
events are recorded within the foraminiferal assemblage throughout the sections. These 
events were recorded in all the other sections around the Brazos River area of the same 
stratigraphic range and were utilised to constrain the biostratigraphy within 
Cottonmouth Creek and Darting Minnow Creek. These events are summarised in Figure 
7.44. 
Uppermost Maastrichtian 
The uppermost Maastrichtian benthic foraminiferal assemblage is diverse in all the size 
fractions, with the total assemblage being dominated by planktic foraminfera, especially 
heterohelicids in the smaller size fractions. The larger size fractions are dominated by 
rounded Lenticulina spp. and Robulus spp. The smaller size fractions are also 
dominated by rounded species such as Gyroidina depressa, Cibicides spp. and 
Anomalina spp. Agglutinated species (e.g., Trochammina spp., Gaudryina spp., 
Clavulinoides spp.) are common to abundant within the benthic assemblage. 
‘Event Bed’ 
The ‘Spherule Bed’ at the base of the ‘Event Bed’ contains reworked benthic and 
planktic foraminifera consisting of, essentially, a latest Maastrichtian assemblage. 
Reworked larger benthic foraminifera, especially Robulus spp. and Lenticulina spp., are 
found throughout the HCS sandstone bodies. Smaller benthic foraminifera are absent or 
rare due to the nature of the reworking and depositional events recorded in these 
sandstones. In thin section, the larger benthic foraminifera are covered in a calcite 
overgrowth. Large reworked ‘globular’ planktic taxa (most commonly Rugoglobigerina 
spp.) are also present within these sandstones, as seen, for example, in Figures 6.28, 
6.49 and 6.51. 
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Lowermost Paleocene 
Immediately above the ‘Event Bed’, the larger size fractions are often barren while the 
smaller size fractions record the equivalent of an uppermost Maastrichtian assemblage. 
Reworking of uppermost Maastrichtian taxa is commonplace in the lowermost 
Paleocene. Planktic foraminifera abundances reduce rapidly within this interval. The 
benthic foraminiferal assemblage above this barren (in the large size fractions) interval 
is dominated by large agglutinated species; e.g., Ammobaculities spp., Clavulinoides 
spp. and Haplophragmoides spp. This pulse of agglutinated foraminifera is short lived, 
with the assemblage becoming more diverse and consisting of mainly calcareous 
species. A ‘recovery’ pattern can be seen in several species where their abundance 
increases rapidly in a series of pulses. This is particularly evident in the distribution of 
Eponides haidingerii, Pulvinulinella glabrata and Cibicides spp. that gradually increase 
into the Paleocene. Smaller size fractions are dominated by Cibicides spp. Anomalina 
spp. and Planulina spp., with the assemblages becoming more diverse up-section. 
A highly diverse assemblage occurs in the top of the MSB within the large size 
fractions. Very large (over 5 mm), uniserial, elongate benthic foraminifera (e.g., 
Nodosaria affinis, Vaginulina spp., Marginulina spp. and Dentalina spp.) occur in large 
numbers along with very large, flattened, discoidal ‘lenticulinids’. Lenticulina rotulata 
and Robulus spp. are also present in great abundance. A second agglutinated dominated 
assemblage occurs at the top of the DSB. This assemblage consists of Frankeina spp., 
Tritaxia spp. and Clavulinoides spp. in the larger size fractions along with rounded 
Lenticulina rotulata and Robulus spp., as well as some elongate taxa (e.g., Nodosaria 
affinis, Vaginulina cretacea), which are in significantly reduced abundances compared 
to the interval below. Planktic foraminifera gradually increase in numbers and again 
dominate the total assemblage at this point, almost exclusively represented by ‘globular’ 
planktic taxa. Heterohelicids are present in very low numbers and do not return to 
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uppermost Maastrichtian levels. The benthic foraminiferal assemblage at the top of the 
investigated section is diverse. Smaller size fractions are dominated by Cibicides spp., 
Gyroidina depressa, Anomalina spp. and Planulina spp. The benthic foraminifera 
assemblage essentially resembles an uppermost Maastrichtian assemblage. 
The benthic foraminfera are diverse, abundant throughout and well preserved. Benthic 
foraminifera do not exhibit a mass extinction unlike the planktic foraminfera. Although 
there are fluctuations within the benthic foraminiferal assemblage throughout, true 
extinctions are very low with few disappearing across the K/Pg boundary and not 
returning to the assemblage; e.g., Pseudogaudryinella capitosa (see Figs 7.02 – 7.04). 
Many species that are common or abundant in the uppermost Maastrichtian, that 
disappear from the assemblage across the K/Pg boundary, reappear again in the 
Paleocene; e.g., Nodosaria affinis, Vaginulina cretacea, Robulus navarroensis. Pulses 
of small rounded species (e.g., Eponides haidingerii, Pulvinulinella glabrata) that 
dominate the assemblage for a short-lived period, occur sporadically within the early 
Paleocene. Other species, however, continue through the uppermost Maastrichtian and 
into the Paleocene, seemingly unaffected by the K/Pg boundary events and with little or 
no change in their relative abundance; e.g., Lenticulina rotulata, Gyroidina depressa, 
Cibicides subcarinatus. There is no dissolution or etching of the calcareous tests and 
calcite overgrowth and infilling (confirmed by SEM analysis) is restricted to the 
sandstone bodies within the ‘Event Bed’. It should be noted that only a small section of 
the early Paleocene was investigated, restricted by the outcrops in the Brazos River 
area, and changes to the assemblage further into the Paleocene cannot be quantified.  
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7.2. Foraminifera Discussion 
 
7.2.1. Planktic foraminifera 
The planktic foraminifera were not always identified to species level but were picked 
out in order to assess their abundance over the K/Pg boundary and their relationship to 
the benthic foraminifera. Keller et al. (2009) reports that a low diversity assemblage is 
characteristic of the shelf environments of the Brazos River area, Texas. A shallow 
marine environment (<200 m) is demonstrated by high abundances of heterohelicids 
within the uppermost Maastrichtian, which generally live in the upper 100-200 m of the 
water column (Schmitz et al., 1992), and are usually dominant in continental shelf 
regions (D’Hondt and Keller, 1991; Nederbragt, 1991; Schmitz et al., 1992). The 
presence, but not dominance, of large, keeled Cretaceous foraminifera such as 
Globotruncana in the Upper Cretaceous and basal Palaeogene indicate deeper water 
depths (see Hart, 1999, fig. 3). This is consistent with interpretations of Lui (pers. 
comm., 2011) and Sikora (1984), which place the Upper Cretaceous sediments in an 
inner to mid-shelf environment. Interpretations from Hart (1999) also place this planktic 
foraminiferal assemblage in an eutrophic/mesotrophic environment. This is due to the 
presence of large keeled forms (e.g., Globotruncana) as well as heterohelicids. The 
latest Maastrichtian recorded in the Riverbank West (RBW) section indicates that there 
is an increase of ‘globular’ planktic taxa and a decrease in the heterohelicids (Fig. 7. 
17). It can be suggested, purely based on the planktic foraminifera, that this may 
represent a deepening, possibly to mid-outer shelf conditions from inner to mid-shelf, 
immediately before the K/Pg boundary event. As this event occurs prior to the K/Pg 
boundary itself and the subsequent planktic foraminiferal extinction, the signal can be 
interpreted as a real and accurate measurement of sea-level change. Planktic 
foraminifera are almost entirely restricted to the 150 µm – 63 µm size fraction across 
533
  Chapter 7 - Micropalaeontology 
	  
the boundary. The heterohelicids are entirely restricted to this size fraction by ~50 cm 
above the boundary, while the globular planktic taxa show a reduction in abundance in 
all size fractions but recover in all but the >500 µm size fraction by the top of the 
section. The dominance of the planktic taxa in the smallest size fraction across the 
boundary may represent a ‘Lilliput effect’ on the planktic foraminifera (Urbanek, 1993). 
This term has been used to describe the pattern of size change through extinction events. 
Immediately after such events, survivors are typically much smaller than during pre-
extinction times (Urbanek, 1993). Keller and Abramovich (2009) state that, though the 
planktic foraminifera experienced stunted growth (‘Lilliput effect’) across the K/Pg 
boundary, the planktic foraminifera were already a stressed assemblage as a 
consequence of fluctuating late Maastrichtian environmental conditions such as sea 
level change, salinity, temperature and nutrient variations for example (see Fig. 2.9). 
The recovery of the globular planktic taxa in the 250 µm – 150 µm size fraction may 
indicate a recovery from this environmental stress, but may also indicate a change in 
water depth as larger, globular planktic taxa can mark deeper waters (see Hart, 1999, 
fig. 3). The heterohelicids decline gradually throughout the lowermost Palaeocene, 
while there is a marked recovery/increase in abundance of globular planktic taxa above 
the MSB. This can be seen at Riverbank South, where the ‘globular’ planktic taxa 
increase to become a significant portion of the overall assemblage, while the abundance 
of heterohelicids remains low (Fig. 7.45).  
 
 
 
 
 
 
534
  Chapter 7 - Micropalaeontology 
	  
 
Figure 7.45. Planktic recovery in the Brazos River area in the Riverbank South section (RBS). Note the 
overall decrease of heterohelicids into the Paleocene, while the ‘globular’ species recover into the 
Paleocene. K/Pg boundary represented by the red line. Percentages relate to total assemblage (benthic and 
planktic).  
7.2.2. Benthic foraminifera 
Culver (2003) concluded that true extinction (as opposed to local extinction and/or 
migration) of benthic foraminifera was low and mass extinctions do not characterize 
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this group across the K/Pg boundary. Sikora (1984) noted that the Late Cretaceous and 
early Paleogene benthic foraminiferal assemblages in the Brazos River area were “fairly 
similar”. Culver (2003) also concluded that smaller benthic foraminifera, regardless of 
habitat or water depth, survived the environmental perturbations across the K/Pg 
boundary “quite well”. This can be seen in the Brazos River samples where small 
benthic foraminifera, such as Eponides spp., Cibicides spp., Pulvinulinella spp., not 
only survive the K/Pg boundary but appear to flourish immediately afterwards. Indeed, 
these species appear to display a recovery pattern without an extinction. The patterns of 
survivorship of the smaller benthic foraminifera may be a function of the opportunistic 
nature of the individual species, or may be a function of the ‘Lilliput effect’, where 
these organisms’ growth is stunted due to environmental stresses (Twitchett, 2007 and 
references therein). Indeed, as an example, Cibicides subcarinatus, shows an increase in 
abundance in the smallest size fraction (150 µm – 63 µm) immediately above the 
boundary. In the next smallest fraction (250 µm – 150 µm), there is an increase in 
abundance of Cibicides subcarinatus further up-section while the abundance in the 150 
µm – 63 µm size fraction decreases. This could indicate a ‘Lilliput effect’ immediately 
above the boundary when environmental conditions are most drastically affected and 
the associated environmental stresses are worst.  
Nagy et al. (2010) propose that the reduced size is an adaptive response to restricted 
environmental conditions. It seems highly probable, according to the authors, that the 
main restricting factors were low salinity and low oxygen content, apparently in varying 
combinations. In addition, rapid fluctuations in environmental conditions may have 
contributed to the overall stress. In more extreme cases, destruction of the life faunas 
might have occurred, which was followed by subsequent recolonization. 
Further up-section, favourable conditions return and the various species increase in size 
again, returning quickly to ‘normal’ proportions. The local absence of some taxa cannot 
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be used to define an extinction as that requires a wider geographical investigation in 
order to assess whether a migration, local extinction, or more significant extinction 
event is being recorded. The large majority of the species that are not recorded 
immediately above the ‘Event Bed’ (therefore K/Pg boundary) either return to the 
assemblage further up section or in ‘pulse-like’ occurrences within the earliest 
Paleocene. These species can be regarded as “Lazarus taxa” (Flessa and Jablonski, 
1983; Harries et al., 1996) which are defined as “species that survive the extinction 
event(s) but disappear from the record for an interval spanning a portion, or the entire, 
mass extinction event” (Harries et al., 1996).  
Because of the proximity of the Brazos River area to the Gulf of Mexico, Alegret and 
Thomas (2007) argue that this K/Pg boundary section and others around the Gulf of 
Mexico and North Atlantic was relatively close to the impact site at Chicxulub on the 
northern Yucatan peninsula. As a result, records from these locations cannot give 
detailed information on the nature of the benthic foraminiferal transient turnover across 
the K/Pg boundary because of the occurrence of unconformities, particularly due to 
mass wasting processes triggered by the asteroid impact (e.g., Alegret et al., 2001, 
2002a,b; Norris and Firth, 2002; Alegret and Thomas, 2004, 2005). Alegret and Thomas 
(2007) state that the biostratigraphical record is more complete at locations more distal 
from the impact site, especially in deep-water settings away from the Gulf of Mexico 
and North Atlantic. Despite this close proximity to the Chicxulub impact, the benthic 
and planktic foraminiferal record at Brazos River is significant and appears almost 
complete. A ‘Mass extinction’ of benthic foraminifera across the K/Pg boundary is not 
recorded within this study, nor in any other studies. Calcareous planktic foraminifera 
were, however, significantly affected over the K/Pg boundary and show low diversity 
and abundance during the earliest Paleocene (see Keller et al. (2008) as an example). 
This is, clearly, a mass extinction in the planktic assemblage, particularly in the 
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heterohelicids. The benthic foraminifera, by way of a contrast, record only temporary 
changes and fluctuations within the assemblage composition, with true extinction of 
only a very few species after the K/Pg boundary (e.g., Pseudogaudryinella capitosa).  
This observation was also noted by Alegret and Thomas (2005) who indicated that 
smaller benthic foraminifera, living over a wide depth range and varied geography, did 
not suffer significant extinction, and only underwent transient assemblage changes in 
community structure, i.e., relative changes to species abundance and diversity (see, for 
example, Kiessling and Claeys, 2001; Alegret et al., 2003, 2004; Culver, 2003; Alegret, 
2007). The lack of a mass extinction and the record of small, almost subtle, changes 
within the benthic foraminiferal assemblage has also been recorded by Thomas (1990a, 
b, 2007), Widmark and Malmgren (1992a, b), Coccioni and Galeotti (1994, 1998), 
Alegret and Thomas (2001, 2005, 2007), Peryt et al. (2002), Alegret et al. (2003, 2004), 
Alegret (2007), and Coccioni and Marsili (2007). 
The small and temporary changes in the benthic foraminiferal assemblage, as observed 
at many locations, have been interpreted by Alegret and Thomas (2005, 2007) as 
resulting from the collapse of the pelagic food web and a subsequent drop in food 
supply to the benthos (see also Kuhnt and Kaminski, 1993; Thomas, 1990a,b; Alegret et 
al., 2001, 2002, 2003; Culver, 2003). Alegret and Thomas (2005, 2007), amongst 
others, argue that the lack of a mass extinction and the relatively minor changes to the 
benthic foraminiferal assemblage may have been caused by a severe decrease in food 
supply to the sea floor. This was the result of a collapse of oceanic primary productivity, 
such as in a ‘Strangelove Ocean’ model (Hsü et al., 1982; Perch-Nielsen et al., 1982; 
Hsü and McKenzie, 1985; Corfield, 1994) or as the result of a collapse of the marine 
biological pump: i.e., transport of organic matter to the seafloor, such as in a ‘Living 
Ocean’ model (Corfield, 1994; d ́Hondt et al., 1998; d'Hondt, 2005; Coxall et al., 2006).  
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In the ‘Strangelove Ocean’ model, this decrease in food to the sea floor was thought to 
have been caused by the collapse of oceanic primary productivity, with a ‘dead ocean’ 
the result of a mass extinction of oceanic phytoplankton (Corfield, 1994), caused by the 
prolonged darkness caused by the impact (Hsü et al., 1982). In the ‘Living Ocean’ 
model, primary productivity recovered rapidly, but the role of calcifying plankton was 
taken over by non-calcifiers (d’Hondt et al., 1998). The severe decrease in food 
supplied to the deep ocean was thought to have persisted for several hundred thousand 
years (Culver, 2003). This scenario, however, does not appear to be the case at all K/Pg 
boundary sections worldwide. For example, Alegret and Thomas (2007) state that in 
some locations the food supply apparently increased just after the K/Pg boundary (e.g., 
Caravaca, Spain, (Coccioni and Galeotti, 1994); Agost, Spain (Alegret et al., 2003); 
Pacific DSDP Site 465 (Alegret and Thomas, 2005)). At some of these locations, such 
as Caravaca and Agost, sediments deposited just after the K/Pg boundary reflect anoxic 
or dysoxic conditions (laminated sediments) such as found under high-productivity 
zones in the present oceans (Coccioni and Galeotti, 1994; Martinez-Ruiz et al., 1992, 
1999; Alegret et al., 2003). There are, therefore, considerable regional and geographical 
differences in the effect of the K/Pg event on the flux of food to the sea floor (Culver, 
2003; Alegret and Thomas, 2005, 2007). 
The hypothesis that oceanic productivity was severely reduced for several hundred 
thousand years has been questioned (Alegret and Thomas, 2007), and it has been argued 
that productivity of plankton in terms of biomass may have recovered as soon as light 
returned, although plankton diversity remained low (‘Living Ocean Model’ of d'Hondt 
et al., 1998; d'Hondt, 2005; Coxall et al., 2006).  
These relatively minor, and largely reversible, changes in benthic foraminiferal 
assemblages across the K/Pg boundary in the Brazos River area and in other K/Pg 
boundary sections worldwide are incompatible with a long-term collapse of the food 
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supply (Alegret and Thomas, 2007). Benthic foraminiferal assemblages in the present-
day ocean are strongly coupled to productivity in the surface waters, which serves as 
their food supply (bentho–pelagic coupling; see Gooday, 2003; Alegret and Thomas, 
2007; Jorissen et al., 2007). Alegret and Thomas (2007) argue that even if Cretaceous–
Paleogene benthic foraminiferal assemblages were characterised by less intense bentho–
pelagic coupling, they would be expected to suffer more severely than observed if their 
food supplies had remained extremely low for several hundred thousands of years, 
although this suggestion was aimed more at deep-sea settings. A deposit-feeding life 
style has been described by Alegret and Thomas (2007) as a possible survival strategy. 
Within the MSB and DSB, there is increase in the numbers of infaunal benthic 
foraminifera (Nodosaria, Vaginulina, Dentalina, Pleurostomella, Marginulina), 
classified as infaunal deposit feeders (Coccioni and Galeotti, 1994), probably reflecting 
an increased nutrient input at this interval. 
Agglutinated Foraminifera ‘Events’ 
Culver (2003) stated that the only benthic foraminiferal group affected over the K/Pg 
boundary was the agglutinated benthic foraminifera, although some calcareous taxa 
went extinct (Alegret and Thomas, 2005). An influx of agglutinated benthic 
foraminifera (Haplophragmoides spp., etc.) was observed just above the K/Pg boundary 
in all sections in Brazos River, with the larger size fractions being completely 
dominated by them. These species disappear about 50cm above the boundary. A second 
pulse is also recorded in the RBS section, above the MSB in the DSB. This pattern has 
also been recorded by Liu in the Brazos River sections (pers. comm., 2011). The first 
pulse of agglutinated benthic foraminifera is not recorded in the Riverbank 4-5 section, 
it is the only section in this stratigraphic interval that does not record it. This is 
attributed to the sections’ proximity to the Brazos River which often floods over the 
section and may have preferentially weathered out the organic-cemented agglutinated 
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foraminifera over the calcareous species.  
Although the benthic foraminiferal assemblage does not exhibit a mass extinction event, 
there are ‘events’ within the assemblage throughout the Paleocene that are recognizable 
and can be correlated between sections within the Brazos River area. At two intervals 
within the early Paleocene (see Fig. 7.44), there is a pulse of agglutinated foraminifera 
that dominate the assemblage. Although complex, these agglutinated dominated 
assemblages may be used to interpret the palaeoenvironment in the Brazos River area in 
the early Paleocene. The first agglutinated dominated pulse above the ‘Event Bed’ 
consists almost entirely of organic-cemented Trochammina, Haplophragmoides and 
Ammobaculites species immediately above the ‘Event Bed’ (see Figs 7.02, 7.08 and 
7.09 as examples). The second agglutinated event occurs above the MSB and consists 
mainly of arenaceous Frankeina and Clavulinoides species (see Figs 7.01 and 7.02 as 
examples). 
Fiorini et al. (2010) recorded a foraminiferal association comprising mainly of 
agglutinated specimens of Trochammina, Haplophragmoides, Ammobaculites and 
Verneuilinoides from the Lower Cretaceous on the Scotian Shelf, Canada. Fiorini et al. 
(2010) suggested that a comparison of this association with modern foraminiferal 
associations from paralic environments might indicate that this assemblage represents a 
Cretaceous marsh–estuarine environment. Paleoecological interpretations, based on a 
comparison of pre-Paleogene foraminiferal assemblages with more recent ones, is 
difficult because few Mesozoic foraminiferal genera are extant (Fiorini et al., 2010; 
Scott et al., 2003). Agglutinated foraminifera are an exception, particularly ‘marsh-
type’ foraminiferal genera, which have been reported in the same kinds of environments 
since the Cambrian (Fiorini et al., 2010; Haig, 2003, 2004; Scott et al., 2003). Fiorini et 
al. (2010) would argue that agglutinated assemblages can, therefore, be used as a 
reliable palaeoenvironmental guide. 
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There are several studies that have described paralic foraminiferal associations (mainly 
characterized by agglutinated foraminifera) from Cretaceous sections worldwide. 
Wightman (1990) described a Trochammina-dominated association and a mixed 
Ammobaculites, Trochammina–Haplophragmoides association from the Lower 
Cretaceous deposits of the Lusitanian Basin (Portugal). He interpreted the first one as a 
high marsh association and the second as a low marsh. Several authors have also 
described associations mostly composed of organic-cemented agglutinated foraminifera 
from muddy oxygen-deficient seafloor sediments of shallow land-locked marine basins 
(e.g., Haig, 1979). Haig (2004) found an association composed mostly of organic 
cemented agglutinated foraminifera in mudstone facies from siliciclastic-dominated 
successions of Cretaceous age from Australia. He interpreted the microfauna as 
belonging to a shallow-water environment from an ancient interior seaway with 
significant fluvial inflow. Haig (2005) describes a foraminiferal fauna (his 
Ammobaculites association) that includes abundant organic-cemented agglutinated 
foraminifera (Ammobaculites, Haplophragmoides and Verneuilinoides) together with 
calcareous benthic taxa (comprising Astacolus, Lenticulina and Gavelinella) in Upper 
Aptian black shales on the Western Australian margin. He interpreted this association as 
characteristic of a shallow epeiric sea with high-nutrient, freshwater input. Taylor and 
Haig (2001) recorded an assemblage association dominated by siliceous, organic-
walled, agglutinated foraminifera from a Barremian succession in Western Australia 
interpreting it as having been deposited in oxygen-deficient waters in an inner-mid shelf 
environment. 
Fiorini et al. (2010) interpreted the almost entirely agglutinated foraminiferal 
association recorded as belonging to a marsh or estuary environment in which the 
availability of dissolved calcium carbonate is reduced and the organic-rich low-pH 
environment causes dissolution of calcareous shells. The mixed association in which 
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infaunal taxa like Ammobaculites and Verneuilinoides occur together with epifaunal 
genera (Trochammina and Haplophragmoides) can be considered that of a low marsh 
and is similar to the association described by Wightman (1990) composed of 
Haplophragmoides, Trochammina and small fine-grained Ammobaculites association 
together, which were interpreted as representing a low marsh. As this mixed association 
contains either Ammobaculites (infaunal, suspension-feeder, characteristic of estuarine 
environment) or Trochammina, it can also be interpreted as indicative of the muddy 
margin of an estuarine system. The occurrence of this association in mudstone in which 
small gastropods, shell fragments and burrow traces are occasionally present can 
suggest deposition in a flooded marsh or a tidal flat.  
Although some of the genera recorded by Fiorini et al. (2010) (e.g., Ammobaculites, 
Haplophragmoides, Reophax, Eggerelloides and Textularia) are characteristic of today's 
brackish environments, such as lagoons, bays and estuaries, the strong occurrence of 
Trochammina together with the lack or low percentages of calcareous tests, and the 
scattered occurrence of calcareous tests, can be considered the reasons to consider this 
association as mainly indicative of a marsh environment. 
However, there is no evidence from the sedimentology that the environment in the 
Brazos River area in the early Paleogene was shallow enough to include marsh 
environments. The assemblage contains abundant calcareous benthic taxa which are not 
present in great abundance in marsh environments. The sections in the Brazos River 
area contain Lenticulina and Robulus species throughout, which are indicative of a shelf 
environment (Leckie and Olson, 2003). The presence of planktic foraminifera within the 
entire section, although with diminished numbers across the K/Pg boundary do not 
indicate a very shallow/marsh environment. Murray et al. (2003) proposed an 
alternative environment which would constitute an assemblage that resembles a marsh 
environment, with an increased freshwater input. 
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Murray et al. (2003) provide an example of modern benthic foraminiferal assemblages 
at intermediate depths (i.e., below the intertidal zone and above the CCD) consisting 
almost exclusively of organic-cemented agglutinated forms from within Loch Etive (a 
sea loch) in Scotland. Since such faunas from intermediate depths are rare in modern 
oceans but relatively common in the fossil record, Murray et al. (2003) attribute the 
strong dominance of agglutinated forms to unusual oceanographic conditions. These 
include a combination of restricted deep-water renewals and the strong influence of 
freshwater, which drains through large areas of vegetated land, preventing the 
continuous exchange of marine bottom water and leads to salinity stratification. The 
result is calm bottom water conditions with commonly occurring oxygen depletion 
(although not anoxic), brackish water throughout the water column and organic-rich 
sediments with geochemical properties, which, to a much larger degree than open 
marine ones, are controlled by local input. This environment supports low abundance 
and low diversity benthic foraminiferal assemblages, dominated with agglutinated 
benthic taxa (Murray et al., 2003). 
In modern environments, such exclusively agglutinated (living) assemblages occur to a 
limited extent in parts of brackish estuaries, fjords, and shallow bays or lagoons but they 
are mainly confined to intertidal salt marshes and to open oceanic areas below the CCD 
most of which are abyssal (Schroan der et al., 1988) or several hundred meters deep (as 
around Antarctica, e.g., Ward et al., 1986). Yet it is clear that the fossil examples do not 
always represent these environmental extremes dominated by agglutinated foraminifera, 
a feature that is normally associated with deeper water environments below the CCD or 
with intertidal marshes. Therefore, the area studied by Murray et al. (2003) with its 
‘unique’ oceanic parameters provides a new analogue with which fossil assemblages 
may be compared. 
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Murray et al. (2003) also state that although the sediments are rich in organic matter, 
most is terrestrial and the organic flux is low. Inferred bacterial decay of organic matter, 
and the geochemical changes associated with the oxidation processes, may be 
responsible for generating slightly corrosive bottom waters and causing carbonate 
dissolution. In the Brazos River area, the agglutinated dominated assemblages occur 
with an interval of reduced bioturbation, pyrite infill of small burrows and pyritic 
stienkerns of gastropods and some bivalves. The presence of pyrite can indicate reduced 
conditions on the ocean floor and fits the conclusions of Murray et al. (2003) with 
slightly corrosive bottom waters. There is, however, no evidence of dissolution within 
the Brazos River sections and the foraminifera (as well as the macro-fossils) do not 
indicate a lack of CaCO3 formation, but may, possibly, be reacting to a lack of dissolved 
CaCO3 available and a rise in the CCD. 
In the Brazos River area, there is evidence of increased freshwater input from the 
geochemical data with increased C/N ratios and bulk organic signals in the early 
Paleocene. As the Brazos River area was at the entrance to the Western Interior Seaway 
at this time then this increase of freshwater to create more brackish conditions can be 
explained from the drainage from the seaway into, what is now, the Gulf of Mexico. 
Culver (2003) also makes it clear that there is an increased amount of organic matter in 
the early Paleogene affecting benthic foraminferal assemblages. These fluctuating 
factors in a period of instability and unique oceanic parameters in the immediate 
aftermath of the K/Pg boundary event, may have created an environment similar to that 
observed by Murray et al. (2003) in Loch Etive (i.e., increased freshwater input, 
increased organic material and more brackish conditions), but of much wider 
occurrence. 
Nagy et al. (2010) have recorded benthic assemblages consisting entirely or dominantly 
of agglutinated taxa, with the faunal diversities extremely low from the Early Jurassic in 
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the Barents Sea. The species were generally of small size compared to usual dimensions 
within the genera suggesting that the assemblages were adapted to restricted conditions 
from a normal marine shelf. Nagy et al. (2010) reported that the main limiting factors 
were low salinity and reduced amount of dissolved oxygen in an unstable, storm-
influenced environment.  
The depositional biofacies model created by Nagy et al. (2010) for this interval of the 
small-sized agglutinated benthic assemblages envisages a delta influenced shelf 
environment, where high freshwater influx would have created a density-stratified water 
column with a tendency to develop hypoxic conditions in its deeper parts. Within this 
depth interval between fair-weather and storm wave base (the offshore-transition zone), 
Nagy et al. (2010) states that the benthic biota would have been stressed by intermittent 
periods with moderate hypoxia combined with lowered salinity and storm impacts. 
This paleoecology, involving a large fluvial influx, would explain the brackish 
conditions in the shallow Barents Shelf embayment as recorded by Nagy et al. (2010). 
The high freshwater input implies the formation of density-stratified water masses, 
which potentially would have led to hypoxia in the lower part of the water column 
below fair-weather wave base to storm wave base (Nagy et al., 2010). To account for 
this at the Brazos River area, increased surface run off and/or freshwater input from the 
adjacent North American land mass (perhaps as the consequence of hyperthermal events 
in the early Paleocene) would provide the conditions needed to create these unique 
oceanic parameters and hypoxic conditions in an inner to mid-shelf setting. 
These successions, recorded by Nagy et al. (2010), contain significant numbers of 
ostracods, which indicate increased oxygenation of benthic habitats, indicating that the 
main restricting factor during deposition of these strata was apparently low salinity, 
particularly at stratigraphic levels where ostracods are abundant in association with 
546
  Chapter 7 - Micropalaeontology 
	  
significant amounts of calcareous foraminifera.  
The influx of ostracods within the Brazos River area, which occurs in conjunction with 
the influx and dominance of Lenticulina spp. Nodosaria spp. and Marginulina spp., is 
also a significant event. Nagy et al. (2010) state that these microscopic crustaceans have 
a highly mobile mode of life (compared to foraminifera), which implies a higher level 
of metabolism that requires increased oxygenation of the water column. Thus, this 
implies that following the periods of increased freshwater input and hypoxic conditions, 
oxygenation of the water column and to the benthic returned to favorable conditions and 
allowed the benthic foraminifera and ostracods to thrive.  
In the Brazos River area, this is also the case. In the interval dominated by the large 
epifaunal lenticulinids, uniserial elongate forms and large coarsely agglutinated benthic 
foraminifera, ostracods are extremely prevalent and dominate the washed residues. This 
event occurs immediately after the second main agglutinated foraminifera pulse in the 
DSB, possibly indicating that well oxygenated conditions returned after the hypoxic 
conditions. The ostracod assemblage is, however low diversity with the assemblage 
being almost totally dominated by two species (Brachycythere? and Haplocytheridea?). 
This abundant, but low diversity, ostracod assemblage may also indicate lower salinity, 
brackish (stressed) conditions.  
Low diversity agglutinated assemblages composed of small sized taxa are recorded 
from several localities as recolonisation faunas appearing immediately after the 
Cenomanian–Turonian boundary anoxic event (Kuhnt, 1992; Coccioni et al., 1995). A 
number of modern oxygen-depleted environments are also dominated by small-sized, 
mainly calcareous foraminiferal species, according to Bernhard and Sen Gupta (1999).  
Small size means an increase of the surface area relative to body volume, enhancing 
oxygen uptake. Small size may also reflect a rapid reproduction rate, which is a feature 
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of opportunistic taxa adapted to rapidly changing conditions typical for several paralic 
environments where fast recolonization is an advantage.  
An example of modern shallow water continental shelf hypoxia was reported by 
Rabalais et al. (1991) from the inner and middle shelf of the Gulf of Mexico. In this 
area, development of a stratified water column is mainly controlled by the freshwater 
discharge from the Mississippi and Atchafalaya rivers, adequate marine current regime 
and regional wind fields.  
The development of bioturbation is in accordance with increased bottom water 
oxygenation during storm events (Nagy et al. 2010). Bioturbation is prevalent for a 
short period immediately above the ‘Event Bed’ at Brazos River, suggesting that the 
storm events that are interpreted to have created the ‘Event Bed’ re-oxidised the 
hypoxic bottom waters after the K/Pg boundary event. The organic rich, laminated 
shales above the bioturbated earliest Paleogene strata can also be ascribed to stagnant 
bottom conditions, adding more weight to the hypoxic environment immediately after 
the K/Pg boundary event, followed by more oxidized, bioturbated mudstones and 
siltstones into the Paleocene.  
Agglutinated taxa in the upper part of the studied section are dominated by 
Clavulinoides spp. and Frankeina spp, whereas calcareous groups are diverse and 
heterogeneous, with high percentages. This pattern was also recorded in the early 
Paleogene at Walvis Ridge by Alegret and Thomas (2007). Alegret and Thomas (2007) 
recorded that within the lower planktic foraminiferal zone P1b, agglutinated species of 
the genera Spiroplectammina and Clavulinoides, thought to be infaunal and indicative 
of increasing levels of food supply, increased in relative abundance while the relative 
abundance of buliminids remained low.  
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Alegret and Thomas (2007) attribute this dominace of agglutinated foraminifera at 
Walvis Ridge to the rise in the Calcium Concentration Depth (CCD), probably resulting 
from the drop in calcium carbonate delivery caused by the extinction of calcareous 
planktic groups, may have influenced the benthic faunal composition above this post-
K/Pg interval, which led to the replacement of infaunal carbonate taxa (buliminids in 
the case of Alegret and Thomas (2007)) by agglutinated groups when the food supply 
stabilized to some extent, about 1.5 m above the K/Pg boundary (zone P1b), and 
mesotrophic conditions returned, although not to the level of Maastrichtian productivity. 
This second agglutinated pulse in the Brazos River area occurs within the same planktic 
biozone as Alegret and Thomas (2007) and may indicate that this event was not a local 
event and, indeed, is not restricted to deeper waters. However, as the Brazos River area 
was at a much shallower depth than the Walvis Ridge in the early Paleocene, an 
increased amount of arenaceous, clastic material into the open marine shelf setting may 
have occurred, possibly as the result of storms, and therefore the second agglutinated 
pulse may just be a function of availability of clastic material in a mid-shelf 
environment. 
The dominance of these agglutinated species and then their disappearance may indicate 
a signal for ocean acidification immediately after the boundary. Dias et al. (2010) 
investigated the benthic foraminifera around modern day volcanic gas vents that emit 
CO2 , which causes local ocean acidification in a restricted, small area. Dias et al. (2010) 
found that as the pH lowered from 8.17 (normal) to 7.6, there was a shift from an 
assemblage dominated by rotaliids and miliolids to an assemblage dominated purely by 
textulariids (agglutinated). At Brazos the assemblage at this stratigraphic level is 
dominated by textulariids and some rotaliids (specifically Lenticulina spp.). 
Alternatively the influx of agglutinated forms in the Brazos River area may be the result 
of dissolution during taphonomy or diagenesis and therefore is a secondary signal (see 
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Hart, 1983), although no dissolution or etching to the foraminiferal tests is observed. An 
ocean acidification period immediately after the boundary has been proposed by 
Schmitz et al. (1992) and other workers and would account for the breakdown of 
primary productivity and a warming event, implied by negative excursions of the δ13C 
and δ18O stable isotope signals of K/Pg boundary sites (see Hart et al., 2004, 2005 for 
examples). An ocean acidification event would also account for reductions of CaCO3 at 
some other K/Pg sites worldwide, e.g., Stevns Klint (see Leighton et al., 2011). A 
mechanism for this event may be the wide-spread volcanism of the Deccan Traps in 
India (Keller, 2008), where the main eruptive phase occured at the same time as the 
K/Pg event, although the intensity, duration and environmental impact of the Deccan 
Traps is contested.  
Alegret et al. (2012) attribute the K/Pg marine mass extinction may have been caused 
by a transient period of extreme acidification of surface waters. However, in the Brazos 
River area extreme acidification is not evident within the microfossils with minimal 
dissolution within the ‘Event Bed’ and no dissolution evident elsewhere in the 
succession. Whereas at Stevns Klint, for example, foraminifera are severely affected by 
dissolution within the Fiskeler Member (= Fish Clay) (Leighton et al., 2011), with only 
solution resistant taxa, such as Cibicidoides spp., for example, being preserved well 
(Hart et al., 2005; Leighton et al., 2011). 
 
Infaunal and ‘Gulliver’ taxa 
At the top of the MSB, an interval of very large (up to 1 cm), predominantly elongate, 
uniserial forms of Nodosaria, Vaginulina, Dentalina and Marginulina was recorded. 
This assemblage also contained very large (up to 1 cm), flattened, discoid ‘lenticulinids’ 
as well as large, coarsely agglutinated foraminifera. This assemblage appears to be 
unique, and after discussion with several prominent micropalaeontologists (John 
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Murray, Bruce Hayward, Andy Gooday and Haydon Bailey for example), no 
comparative assemblage could be identified. As this assemblage is recorded at a MFS, 
this assemblage may be a biostratigraphic marker for MFS that could be used to 
correlate sequence stratigraphy from other intervals and sections.  
The influx of infaunal species into the Danian is also comparable to Culver’s (2003) 
conclusions of reviewed K/Pg boundary publications. Culver stated that there was a 
preferential survivorship of epifaunal species into the early Danian, with a short interval 
dominated by infaunal taxa in the earliest Danian. Culver (2003) explained this pattern 
by a short-lived input of increased amounts of organic matter at the boundary followed 
by a sudden collapse of primary productivity. Although, Culver’s interval of infaunal 
taxa dominance is immediately after the boundary, at Brazos the peak is much later, 
approximately 1.5m above the boundary. This level possibly indicates optimal 
conditions returning as, associated with the infaunal foraminiferal taxa, are increases of 
ostracods, gastropods, bivalves, large epifaunal forms and other marcofauna (bryzoan, 
echinoid spines, etc.). However, another explanation for the increased numbers of 
infaunal taxa, and the sheer size of them, relates to stressed environment. In the opposite 
effect seen with the ‘Lilliput effect’, where species are small and stunted in a stressed 
environment, reproducing rapidly (Urbanek, 1993), an alternative is proposed where 
benthic foraminifera, in this instance, are in a poor and/or stressed environment they 
delay reproduction as they simply do not have enough energy to reproduce and instead 
grow another chamber, eventually becoming larger and larger. This hypothesis is not 
only related to the large, elongated forms but also rounded rotalids such as 
Lenticulinids, which are also significantly larger within this interval. These taxa, 
described here as ‘Gulliver taxa’, appear to be the reverse of the ‘Lilliput taxa’, delaying 
reproduction rather than undergoing a rapid life-cycle. The ‘Gulliver taxa’ within this 
interval are up to 1cm in length and/or diameter and are much larger than individuals of 
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the same species elsewhere within the section. Within the MSB and DSB, there is 
increase in the number of infaunal benthic foraminifera (Nodosaria, Vaginulina, 
Dentalina, Pleurostomella, Marginulina), classified as infaunal deposit feeders 
(Coccioni and Galeotti, 1994) and indicative of low-oxygen conditions (Coccioni and 
Galeotti, 1994), particularly Nodosaria. This may indicate anaerobic conditions in the 
immediate aftermath of the K/Pg event. Anaerobic conditions may be responsible for 
the δ13C negative excursion (e.g., Hart et al., 2004, 2005) immediately above the 
boundary as reduced oxygen conditions could have affected primary productivity 
through reduced photosynthesis or ocean acidification. However, the presence, and 
increase, of infaunal deposit feeders and other macro-fauna possibly indicates that 
nutrients and oxygen levels in the water were sufficient enough to support these species, 
perhaps suggesting eutrophic conditions. The long, uniserial species are well preserved 
and the presence of both the apical and apertural ends suggest that there was no sea 
floor winnowing or environmental disturbance at this time. 
7.3. Conclusions 
The conclusions that have been drawn from this study are comparable to the 
conclusions of Culver (2003), the observations of Hart et al. (2005) and conforms with 
the model of Coccioni and Galeotti (1994). These studies show a preferential 
survivorship of epifaunal species into the early Danian with a brief interval dominated 
by infaunal taxa in the earliest Danian. As the conclusions of Culver (2003) are based 
on a comprehensive review of published work on benthic foraminifera across the K/Pg 
boundary worldwide, but at low resolution, it can be implied that the observations from 
this study are represented in the benthic foraminiferal assemblage across the K/Pg 
boundary worldwide. Culver (2003) indicates that this can be explained by short-lived 
input of increased amounts of organic matter at the boundary followed by a sudden 
collapse of primary productivity and major reduction or cessation of organic flux to the 
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seafloor. Sea-level appears to rise from mid to mid/outer shelf in the latest 
Maastrichtian prior to the K/Pg event, indicated by a rich planktic assemblage 
consisting of mainly ‘globular’ planktic taxa. The erosional event that marks the K/Pg 
boundary is defined as a local sequence boundary that cannot be placed in a sequence 
stratigraphy model due to its unique formation; erosion from Chicxulub impact. 
Hypoxic conditions immediately above the ‘Event Bed’ were caused by an increase of 
run off and freshwater input in the Brazos River area. This was coupled with increasing 
organic matter into the area and created a stratified water column and brackish bottom 
conditions. The benthic foraminiferal response to this was an agglutinated organic-
cemented dominant assemblage.  
 
The late Maastrichtian on-set of Deccan volcanism (Chenet et al., 2009; Keller et al., 
2011 and references therein) clearly indicates that the planetary warming associated 
with these eruptions may have induced the pole-ward migration of warm-water taxa 
(Hart, 2007 and references therein) and other changes in the Maastrichtian biota. The 
major eruptive phase of the Deccan is close (in time), but not coincident, to the K/Pg 
boundary (Keller et al., 2011, fig. 2) and separating the implications of this from the 
effects of the Chicxulub impact event is almost impossible (see Schulte et al., 2011). 
How the accumulated stress of both processes converts into biotic extinctions has 
recently been reviewed by Alegret et al. (2012) who come out in favour of ocean 
acidification of surface waters as being the main cause of extinctions. This hypothesis 
certainly requires discussion as recent work on the impact of lowered sea water pH has 
shown a great deal of variability (Orr et al., 2005; Dias et al., 2010, and references 
therein). It must be remembered, however, that the end-Cretaceous events occurred in a 
calcitic ocean (Stanley & Hardie, 1998; Stanley, 2006) with much higher levels of 
atmospheric pCO2 than is the case in the present day aragonitic ocean. Recent work on 
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living foraminifera in the Wagner Basin (Gulf of California), which has sea floor pH 
values of 7.2 to 7.8 (equivalent to levels of CO2 of ~2000 ppm), shows that in the 
carbonate-saturated, calcitic ocean of the latest Maastrichtian to earliest Paleocene 
benthic foraminifera may have been able to survive a lowering of pH (see Pettit et al., 
2013). Benthic forminifera do survive the K/Pg boundary better than their planktic 
relatives, which are known to suffer test weight reduction in Holocene, post-glacial 
surface-water environments with a slightly lowered pH (Moy et al., 2009). 
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8. STABLE ISOTOPES 
 
8.1. Stable Isotope Introduction 
As part of an on-going re-assessment of the Cretaceous/Paleogene boundary in the 
Brazos river area, Falls County, Texas, a number of new exposures have been 
described. One of these, at Riverbank South, provides a near-continuous record of the 
lowermost Paleocene and it is from this succession that stable isotope analysis of mono-
specific samples have indicated the possible presence of the Early Paleocene DAN-C2 
and Lower C29n hyperthermal events. Stable isotope analysis (δ18O and δ13C) of 
different size fractions of the benthic foraminifera Lenticulina rotulata Lamarck has 
shown both an isotopic variation with size and the presence of a possible <6°C 
temperature shift within the lower part of the Kincaid Formation. The data suggest an 
orbital forcing of the stable isotope record and that the hyperthermal event is an 
accentuated segment of this cyclicity.  
Westerhold et al. (2011) have recently compiled the first stratigraphically continuous 
high-­‐resolution benthic foraminiferal stable isotope record for the Paleocene from a 
single site utilizing cores recovered at Pacific ODP Site 1209. The long-­‐term trend in 
the benthic isotope record suggests a close coupling of volcanic CO2 input and deep-­‐sea 
warming. Over the short-­‐term the record is characterized by slow excursions with a 
pronounced periodic beat related to the short (100 kyr) and long (405 kyr) eccentricity 
cycle (Westerhold et al., 2011). The K/Pg boundary on the Brazos River and its 
tributaries in Falls County, Texas have been extensively studied (e.g., Hansen et al., 
1987; Yancey, 1996; Keller et al., 2009; Adatte et al., 2011; Hart et al., 2011, 2012), 
although there are on-going arguments over the nature and timing of the boundary 
(Keller et al., 2008; Schulte et al., 2010). The beds examined in this study belong to the 
Corsicana Formation (latest Maastrichtian) and the overlying Kincaid Formation 
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(earliest Paleocene). The planktic foraminifera Plummerita hantkeninoides defines 
biozone CF1 and, therefore, the latest Maastrichtian although this species is quite rare, 
and with less-developed spines, in these shallow water environments. The specific 
outcrop described here was first reported by Helen Plummer (1926, p. 56) on the banks 
of the Brazos River, and subsequently re-described by Hart et al. (2012). The K/Pg 
boundary succession in the Brazos River area is indicative of a shallow marine, inner-
outer shelf setting (maximum depth of <150 m), from the opening of the Western 
Interior Seaway into the shallow shelf on the northern edge of the Gulf of Mexico 
(Gale, 2006; Schulte et al., 2006).  
The extensive Riverbank South section is located on the west bank of the Brazos River 
between the Darting Minnow and Cottonmouth creeks. Samples collected throughout 
this succession have been prepared for micropaleontological analysis, including 
foraminifera (benthic and planktic), ostracods, calcareous nannofossils and 
dinoflagellate cysts, the results of which have been combined to produce an integrated 
biostratigraphy. Benthic foraminifera are both abundant and diverse throughout this 
succession. One of the most common species is Lenticulina rotulata, an epifaunal/semi-
infaunal species (Koutsoukos et al., 1990), has been used by other authors for stable 
isotope analysis from other K/Pg locations (Keller et al., 2009; Adatte et al., 2011). 
Stable isotope analysis was performed only on Lenticulina rotulata Lamarck. This 
species was selected as it is the most abundant taxon within the K/Pg succession and 
occurs throughout. Individual specimens from three different size fractions were 
analysed to assess the isotopic variation with specimen size and maturity. Specimens 
from the >500 µm, 500–250 µm and 250–150 µm size fractions were identified and 
checked to ensure that there was no evident recrystallization or chamber infilling before 
being placed inside a glass vial and weighed. Stable isotope analysis was also 
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performed on the bulk organic δ13C and the fine fraction (<45 µm) from the same 
sample splits. 
 
8.2. Stable Isotope Results 
The results of the stable isotope analysis of L. rotulata are shown in Figure 8.1. As all 
the specimens used in this analysis were in near pristine condition and showed no 
sediment infilling, the data are regarded as a good record of the δ13C and δ18O variations 
in the uppermost Maastrichtian and lowermost Paleocene. All the stable isotopic data 
can be found in Appendix III. 
The δ13C and δ18O values in the lowermost Paleocene are very similar those in the 
Maastrichtian. As there is a significant degree of reworking in this initial part of the 
section (indicated by the light grey box in Figure 8.1), the first 50 cm of the Danian may 
be a re-worked signal from the Maastrichtian. A series of gradually increasing cyclical 
(?) excursions occur further into the Danian. The >500 µm signal records these 
excursions well, but the amplitude of each excursion increases as the size, and therefore 
maturity, of L. rotulata decreases. This indicates that the size (and, therefore, age) of the 
benthic foraminifera test is inversely proportional to the isotopic signal. The amplitude 
of the cyclicity in these excursions increases into the mid-section, where the largest 
excursions of ~6 ‰ and >5 ‰ in the δ18O and δ13C respectively, in the smallest size 
fraction isotope data are recorded. The excursions are all recorded in each size fraction 
at the same interval, indicating that the isotope signal is a genuine one. A correlation of 
stable carbon isotope values versus stable oxygen isotope values of L. rotulata can be 
seen in Figure 8.2. 
Cross-plots of δ18O and δ13C are used extensively in palaeoceanography (e.g., Huber 
and Leckie, 2011) to identify a benthic foraminifera signal and show a separation from 
planktic taxa that can be shown to occupy various niches in the water column. In this  
557
  Chapter 8 – Stable Isotopes 
 
 
Figure 8.1. Stable isotope analysis of the benthic foraminifera L. rotulata in the RBS section. The grey 
box represents the interval that may contain a reworked material. Sedimentological log details, key and 
description can be seen in Figure 6.1 
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Figure 8.2. A correlation of stable carbon isotope values versus stable oxygen isotope values of 
Lenticulina Rotulata. 
case, only data from a single benthic taxon is used (Figure 8.2) and the scatter, 
therefore, shows intra-specific variation in stable isotope values with size (= growth). 
The different size fractions can be used to generate separate, but near-parallel regression 
lines with the widest scatter in the smaller (= juvenile) size fraction. 
The bulk organic δ13C isotope signal is similar to the benthic foraminiferal isotope 
signal, with the major excursions in the mid-section also observed in the bulk organic 
δ13C isotope signal (Figure 8.3). In the same interval the bulk organic δ13C isotope 
signal records a negative excursion of >1 ‰, followed by a positive excursion of >1 ‰. 
The bulk organic δ13C isotope signal has a cyclical pattern of positive and negative 
excursions, the magnitude of which increases up-section, which is also the case in the 
benthic foraminiferal isotope signal.  The carbon/nitrogen (C/N) ratio increases to >10 
in this interval which may reflect a change to a more terrestrial source of the organic 
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component (Fig. 8.3). The cyclical appearance to the isotopic signal is also reflected in 
the fine fraction (<45 µm) data (Fig. 8.4). The fine fraction isotope signal shows large 
positive and negative excursions of >4 ‰ in the δ13C record within the same interval in 
the mid section.  
Figure 8.3. C/N ratio and Bulk Organic δ13C from RBS section. Dashed line represents K/Pg 
Boundary. 
8.3. Stable Isotopes Discussion.  
In both sets of data there is a variable response in the >500 µm, 500–250 µm and 250–
150 µm size fractions, with the greatest variation within the smallest (= more juvenile) 
specimens. The ontogenetic variation in stable isotope data in benthic foraminifera has 
been reported using living material from the Indian Ocean by Schumacher et al. (2010), 
with their recorded variation in both δ18O and δ13C being comparable to the variation 
shown in Figure 8.2.  
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Figure 8.4. Fine fraction (<45 µm) δ13C and δ18O. Dashed line represents K/Pg Boundary. 
 
Schumacher et al. (2010) indicated that this variation in stable isotope data was the 
result of an infaunal mode of life, with juveniles residing at a greater depth in the 
sediment than the larger adults. Ishimura et al. (2012) have confirmed this variation, 
although they used the weight (i.e., calcification) of the specimens rather than overall 
dimensions. In their study of living foraminifera, the lightest and, therefore, the 
youngest and – thought not discussed – the smallest forms recording the largest 
negative excursions. As L. rotulata is a planispirally coiled, benthic species the early 
growth stages will have been included in our analyses of the larger specimens, thereby 
indicating a significant variation through the short life-span of this taxon. As many 
other authors (e.g., Keller et al., 2007; Keller et al., 2009) have used this species from a 
range of size fractions their data may have been compromised by this variability during 
ontogeny. This relationship has been described from planktic foraminifera (e.g., 
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Bornemann and Norris, 2007) but has rarely been reported in studies of benthic 
foraminifera. 
Whilst there is a close agreement between the results of all three size fractions, it is the 
250–150 µm size fraction that displays the greatest variability in the δ18O data (Figure 
8.2). These results indicate that there is a clear variation in δ18O and δ13C with size and 
that comparisons with data generated from ‘bulk’ or randomly selected individuals may 
be invalid. The graph in Figure 8.2 shows that only a profile based on standardised 
samples can be used in a reliable way to determine events. The key features of the stable 
isotope data are presented below. 
The basal Paleocene ‘large’ negative δ13C excursion (Hart et al., 2005, fig. 11) is not 
evident. This is because the reworked spherule-rich bed and the sandstones of the 
‘Event Bed’ represent a disturbed environment in which the stable isotope signal has 
been lost (or never recorded). The pattern of δ18O and δ13C excursions above the ‘Event 
Bed’ appears cyclical and may represent an orbital forcing. Cyclicity is well-known in 
the Maastrichtian (Batenberg et al., 2012) and Paleocene (Zachos et al., 2010; 
Westerhold et al., 2012) and the cyclicity observed in our RBS succession is possibly 
that of the 21kyr precession signal. Though no obvious cyclicity is observed in the 
sediment record of Texas (Fig. 8.1), there are carbonate-mudstone cycles seen in the 
Lower Paleocene sediments of the Braggs, Mussel Creek, Miller’s Ferry (Olsson et al., 
1996, figs 4, 5B, 6A, 6C, 8A) and Moscow Landing successions in Alabama.  
The significant negative δ18O and δ13C excursion near the NP1/NP2 boundary 
approximately 2.5 m above the K/Pg boundary represents a possible <6°C temperature 
shift that is relatively short-lived. This appears to be coeval with the Lower C29n 
hyperthermal event of Coccioni et al. (2010). While a smaller, but still significant, δ18O 
and δ13C excursion below this near the Pα/P1a boundary appears to be coeval with the 
DAN-C2 hyperthermal event of Coccioni et al. (2010). This comparison can be seen in 
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Figure 8.5. The DAN-C2 hyperthermal event of Coccioni et al. (2010) occurs within 
lower P1a and within the NP1 biozones, while the Lower C29n hyperthermal event of 
Coccioni et al. (2010) occurs within the uppermost part of the NP1 calcareous 
nannofossil biozone and within the P1a planktic foraminifera biozone. The 
hyperthermal events at Contessa Highway (Coccioni et al., 2010) appear coeval with 
the timing of the excursions in the RBS section as the biostratigraphy is well 
constrained. The biostratigraphy within the RBS section is reliable and accurate, with 
the calcareous nannofossil zonation conducted on the same samples used for the 
analysis of benthic foraminifera and stable isotope analysis. The planktic foraminiferal 
zonation is based on the Brazos-1 section, which is in very close proximity to RBS and 
the zonations can be accurately correlated across to the RBS section. The magnitude of 
the stable isotopic excursions recorded in the Brazos River area are larger than those 
observed by Coccioni et al. (2010), although this can be attributed to the use of species-
specific benthic foraminifera within this study rather than bulk rock samples.  
The δ13C bulk organic isotope data (Fig. 8.3) is in close agreement with the species-
specific isotope data, with the δ13C bulk organic signal closely reflecting the excursions 
of the species specific δ13C isotope data. This indicates that the carbon source for both 
the foraminifera and the sediments (δ13C organic and δ13C carbonate) is the same.  
An increase in the C/N ratio >10 indicates a more terrestrial origin for organic material. 
The marked increase in the C/N ratio (Fig. 8.3) coincides with the marked negative δ13C 
excursion of the foraminiferal isotopic data and suggests that there was a greater supply 
of terrestrial plant material and increased surface run-off from the land onto the shelf 
around mid-section. This mechanism could also account for the fluctuations of the δ18O 
isotope signal as this could be marking an increase of freshwater into the system and, 
therefore, much lighter isotopic values. Increased surface run-off from the land is a 
particular feature that defines hyperthermal events (Coccioni pers. comm, 2013) so the 
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interpretation of increased freshwater input into the Brazos River area supports this 
conclusion. A comparison of the δ18O and δ13C L. rotulata stable isotopic signal plotted 
beside the bulk organic and C/N ratio can be seen in Figure 8.6. 
The stable isotope data from the fine fraction (< 45 µm), which would have been based 
on calcareous nannofossils, juvenile foraminifera and macrofossil debris, shows a more 
variable response, although some of the peaks are confirmed (Figure 8.4). 
Whilst the excursions appear coeviel in all size fractions, because the isotopic signal of 
the δ18O and δ13C are parallel. This could indicate the start of early diagenesis and 
might be responsible for the size of some of the excursions found, especially in the 
smallest size fraction. When taking into account as well that this section contains a 
condensed section, diagenesis must be taken into account. The magnitude of which 
cannot be accurately assessed, however the foraminiferal tests did not show secondary 
calcification when cracked open and examined under the SEM.  
 
Paleocene Hyperthermal Events.  
The Paleocene world was characterised by a continuing greenhouse condition and, 
within it, there are a number of significant – but transient – hyperthermal events 
(Bralower et al., 2002; Speijer, 2003; Petrizzo, 2005; Bernaola et al., 2007; Quillévéré 
et al., 2008; Bornemann et al., 2009; Coccioni et al., 2010; Westerhold et al., 2011). 
Whilst the most prominent is the PETM (Zachos et al., 2001, 2010), earlier events are 
also quite significant and, in carbonate-rich sediments, are associated with a drop in 
carbonate production and/or enhanced dissolution. The DAN-C2 and Lower C29n 
events (Cocconi et al., 2010) have been identified in the Contessa Highway section 
(Gubbio, Italy) and a small number of ODP/DSDP sites (Quillévéré et al., 2008; 
Westerhold et al., 2011). None of these locations are in a shallow-water, mid-shelf 
environment, comparable with the Brazos River area. 
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The timing of the DAN-C2 and Lower C29n events, as noted by Coccioni et al. (2010), 
appear as closely linked to the last of the eruption phases of the Deccan Plateau (Chenet 
et al., 2007, 2009). The timing of the hyperthermal event(s) in the Brazos River area is 
evidence that the DAN-C2 and Lower C29n event may be more widespread than 
previously suggested. The stable isotope data from the Brazos River area may be 
astronomically tuned, a feature of the DAN-C2 event suggested by Quillévéré et al. 
(2008). An astronomical signal has also been invoked by Jolley et al. (2010) and 
Gilmour et al. (2012) in their analysis of the sediments within the Boltysh impact crater. 
Gilmour et al. (2012, 2013) indicate the presence of four climate-induced cycles 
between the K/Pg boundary and what they identify as the DAN-C2 event. If this 
cyclicity, and the DAN-C2 event (and Lower C29n event), are confirmed from 
terrestrial, shallow marine (Brazos River area) and deeper marine successions then this 
event is comparable to, other Paleogene hyperthermal events that are recorded globally 
from a wide range of environments (both terrestrial and marine). 
 
8.4. Conclusions.   
The stable isotope data suggest that the DAN-C2 and Lower C29n hyperthermal events 
have been detected in the mid-shelf environment represented by the sediments of the 
Kincaid Formation, Brazos River area, Falls County, Texas. These events appear to be 
coeval to those identified by Coccioni et al. (2010) from the Contessa Highway K/Pg 
section in Italy, and occur at the same stratigraphic level, determined by both calcareous 
nannofossil and planktic foraminferal biozonation schemes. However, these fluctuations 
may not be picking out hyperthermal events, but just normal background fluctuations in 
the early Paleogene (Westerhold et al., 2011). The variation in δ18O and δ13C recorded 
in the various size fractions of the monospecific samples used in our investigation raises 
issues for stable isotope data arising from variously-sized foraminifera or samples of 
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mixed benthic assemblages. The data do, however, indicate that fossil material is 
showing stable isotope variations in line with those recorded in modern (living) 
foraminifera. The stable isotopic signal from the Brazos River area indicates an 
increased amount of surface run-off (freshwater input) into the Brazos River area in the 
early Paleocene. This increased surface run-off can produce a geochemical signal that 
may mark hyperthermal events. The increased surface run-off, hyperthermal events and 
bulk organic δ13C geochemical signals indicate that the early Paleogene immediately 
after the K/Pg boundary event was a period of climatic instability and fluctuating 
environmental parameters. However, the variation in δ18O and δ13C recorded and the 
signals being quite parallel to one another, may indicate that diagenesis has affected the 
samples. To what degree is unclear, but the section runs through a condensed section 
and so diagenesis should be considered when this data is evaluated critically.  
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9. SYNOPSIS OF PALAEOENVIRONEMNTAL CHANGE AND 
DEPOSITIONAL HISTORY 
 
9.1. Synopsis 
In the latest Maastrichtian, the Brazos area was in an open marine setting with near 
continuous mudstone deposition. This is only interrupted by heterolithic horizons, often 
on a mm-to-cm scale. The mudstones display lamination, often fine lamination, and 
indicate that they were deposited in a quiet, low energy setting below storm wave base 
in a shelf environment. Some thin (30 – 40 cm) silty/fine sandstone horizons are present 
within the upper Maastrichtian both in the field and within cored material. These 
sandier horizons can be seen north of the Riverbank North section in an exposure that 
crosses the river and also within the Mullinax-1 core at 61’0” (Fig. 9.01). These 
horizons represent transportation of more siliciclastic material offshore, probably as the 
result of storm events that would have deposited coarser-grained material further 
offshore, below storm wave base. 
Figure 9.01. Medium sandstone bed in Mullinax-1 core, in pink box, comparable to the sandstone bed 
that crosses the Brazos River upstream of RBN. 
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Some small, pyritised burrows preserved within these mudstones indicate limited 
smallscale, intermittent bioturbation. Small-scale bioturbation is also seen within the 
Mullinax cores, with some small Chondrites-style interlocking burrows infilled with 
siltier material also being observed (Fig. 9.02). Throughout the uppermost 
Maastrichtian within the Mullinax cores, 10 – 20 cm fining-upwards packages are 
present with a siltier, often bioturbated, base that fines up to a sub-horizontal and 
parallel laminated top. These packages are abundant and cyclical indicating a stable 
environment. The uppermost Maastrichtian is characterised by heterolithic packages 
(Fig. 9.03). Bivalves and gastropods are present, although not abundant within the 
uppermost Maastrichtian. Baculites spp. and other ammonites within the Mullinax cores 
(Fig. 9.04, 9.05) and in the field outcrops confirm that the sediments are of latest 
Maastrichtian age and deposited in an open marine, pelagic setting. 
Figure 9.02. Condrites style bioturbation within the upper Maastrichtian of Mullianx-1 core. 
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Figure 9.03. Heterolithic packages are seen throughout the upper Maastrichtian in the Mullinax-1 core. 
The darker, mudstone horizons are interbedded with thin, siltier, lighter-coloured horizons. 
Figure 9.04. In situ ammonites (Baculites? spp.) within the uppermost Maastrichtian in the Mullinax-2 
core. 
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Figure 9.05. Uncoiled ammonite specimen from the uppermost Maastrichtian in the Mullinax-2 core. 
 
Periodically, throughout the Maastrichtian in the Brazos area and indeed throughout 
Texas, volcanic ashfalls were deposited. These ashfall beds are laterally continuous and 
thin, indicating that the volcanic ash sank through the water column, coming to rest 
upon the relatively flat lying sea floor. The thin ashfalls probably indicate that they are 
quite distal from the source. Macro and microfossil assemblages immediately above the 
ash bands do not appear to be affected by the ashfalls indicating that these events are 
relatively short lived and do not have a longstanding biological effect. Only two ashfall 
deposits were seen in the field, Riverbank North and Cottonmouth Creek, but this is 
probably due to the lack of accessible or exposed Maastrichtian outcrops within the 
Brazos River area. Several possible ash bands were indentified within the upper 
Maastrichtian in the Mullinax cores, indicating that ash falls are not a unique event in 
the latest Maastrichtian of the Brazos River area. 
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In the uppermost Maastrichtian, normal sedimentation continued after the ash falls. 
Dark, laminated mudstones contain frequent bivalves and gastropods in a low energy, 
open marine shelf setting. Some shell fragments, probably from bivalves, are also 
abundant, indicating either transportation of material across the sea floor or periodic 
higher energy events. In the cored material, Baculites spp. were often found, indicating 
that these deposits were deposited in an open marine environment in the latest 
Maastrichtian. Some silty horizons (on a mm scale) are sometimes seen within the 
uppermost Maastrichtian, but it is a normally mudstone-dominated environment. This 
may indicate that the storm events that previously transported more siliclastic material 
offshore have ceased or could potentially indicate that the uppermost Maastrichtian is 
slightly deeper water than the earlier sediments. 
 
The planktic/benthic (P:B) ratio can be used as palaeo water-depth indicator as the 
planktic component increases with water depth and, usually, increasing distance from 
the coast (e.g., Smart, 2002). In the Brazos River area, the P:B ratio in the 150 μm – 63 
μm size fraction, where the planktic foraminifera are most prevalent throughout, 
decreases from a latest Cretaceous high to a minimum in the early Paleogene (0.26) 
before returning to pre boundary levels at the top of the section (5.48) (Fig. 9.06). These 
data indicate relatively deep conditions pre-boundary, then a drop in sea level across the 
boundary with sea level deepening towards the top of the section. The increase in 
globular planktic taxa in both the 250 μm – 150 μm and 150 μm – 63 μm size fractions 
combined with the overall decrease in the heterohelicid planktic taxa also supports this 
sea level interpretation as heterohelicid planktic forms are indicative of shallow water 
conditions (see Hart, 1999, fig. 3) or are behaving as disaster taxa. However, since the 
planktic foraminifera suffer a mass extinction across the K/Pg boundary, whilst the 
benthic foraminifera do not, the P:B ratio would be reduced even with no sea level or 
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water depth changes. It is for this reason that the P:B ratio in the Braozs River sections 
only records the recovery pattern of the planktics (i.e., increasing abundances and 
recovery post-K/Pg mass extinction) and cannot be used for the estimation of water 
depth changes. Despite this planktic foraminiferal extinction event across the K/Pg 
boundary, Keller et al. (2008) used P:B ratios to determine sea-level changes and 
sequence stratigraphy models. This is despite the diminished numbers of planktic 
foraminifera in the earliest Paleocene which would invalidate the use of the P:B ratio 
solely to derive sea-level changes in this interval. 
Figure 9.06. P:B (x:1) ratio for the lower Paleocene at Riverbank 4-5. As the planktic foraminifera 
experienced an extinction event, this cannot be used accurately for paleo-depth estimation, but can be 
used to indicate the rate of planktic foraminiferal recovery in the Paleocene. Red line indicates the K/Pg 
boundary, while the dotted line indicates the top of the ‘Event Bed’. 
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It is unclear whether these changes in the benthic foraminifera are related to changing 
environmental conditions (such as nutrient input or temperature for example) or are just 
related to sea level changes across the boundary. It is clear from the sedimentological 
evidence that there is a change in sea level across the boundary in the Brazos River area 
from an inner/mid-shelf setting to an mid/outer shelf setting in the uppermost exposures 
in the Brazos River area. Furthermore, the foraminiferal data also indicate a response to 
sea level change at this time. The benthic foraminiferal assemblages and sedimentology 
of the Brazos River sections are indicative of an inner to mid-shelf environment (75 – 
150 m water depth) in the Late Cretaceous and further into the early Danian, supporting 
the earlier suggestions of other authors (e.g., Sikora, 1984; Keller, 1992; Gale, 2006). A 
sea level fall over the boundary can be implied via the sedimentological evidence and 
the reduction in planktic foraminfera, although an extinction event in the planktic 
foraminifera is evident and therefore, to an extent, can be discounted. This event does 
seem to be a eustatic fall in sea level across the boundary as Speijer and Van der Zwann 
(1996) show that the benthic foraminiferal assemblage at Oued Seldja, Tunisia in the 
latest Maastrichtian represented an inner neritic to coastal environment, switching to a 
nearshore coastal environment in the early Danian. At Caravaca (Spain), Keller (1992) 
suggested an upper bathyal to outer neritic switch in the benthic foraminiferal 
assemblage from the latest Maastrichtian to the early Danian, although the iming of 
these sea-level changes are contested by Alegret et al., (2003). A generalized open 
marine shelf environment with predominant biofacies and hydrological trends can be 
seen in Figure 9.07. 
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Figure 9.07. Generalized open marine shelf environments with predominant biofacies and hydrological 
trends. Modified after Olson and Leckie (2003). 
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Wakefield (2003) records that species diversity (Fisher Alpha) and Richness (Shannon 
Weiner [H]) can be accurately used to determine depositional environment and interpret 
sequence stratigraphy. Wakefield (2003) states that diversity and richness should 
increase through a lowstand (LST) and transgressive (TST) systems tracts and peak at 
the Maximum Flooding Surface (MFS). The richness and diversity should consequently 
decline through a highstand (HST) sytems tract. The Shannon Weiner (H) richness 
index should also peak at a MFS (Wakefield, 2003).  
A significant erosional event occurred immediately after the Chicxulub bolide impact. 
This appears to mark the instant of bolide impact, as the tsunami generated by the 
impact would have arrived in the shelf areas of Texas (Yancey, 1996), Alabama (Olsson 
et al., 1993) and Mexico (Smit et al., 1996) in approximately 2–4 hours postimpact, 
travelling at ~170 m/sec. With a wavelength of 100–200 km, some sediment 
disturbance would occur even in quite deep water (Soria et al., 2001; Alegret et al., 
2002). Such sediment disturbance may have facilitated subsequent erosion caused by 
the following tsunami, ripping off soft sediment from the seafloor down to well 
consolidated mudstones. This primary wave and any locally-generated secondary 
(reflected) waves could have been over in 2–5 hours (as was the case in the 2004 Indian 
Ocean tsunami). Significant seismic activity would have also occurred immediately 
following the impact at Chicxulub and may have contributed to the soft sediment 
disturbance of pre-existing sediments (Smit et al., 1996, figs 3, 4; Yancey and Liu, 
2013; Alegret et al. 2001, 2002). The K/Pg boundary is marked by regional 
unconformity in the Gulf of Mexico area. However, this unconformity is unique as it is 
derived from erosion from the Chicxulub impact and, probably, the subsequent tsunami. 
This unconformity is, therefore, a ‘local’ unconformity that will not be recorded in more 
distal K/Pg sites and does not fit into a standard sequence stratigraphy model. In the 
Brazos River area, recent field and laboratory work has recorded the presence of a 
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marked erosional topography (Gale, 2006; Hart et al., 2012), comparable to that seen in 
Alabama (Olsson et al., 1996). This erosion surface is, de facto, the result of the impact-
induced tsunami and, thereby, the local K/Pg boundary, although Yancey and Liu 
(2013) argue that this erosional surface is only the result of significant seismic shaking 
immediately following the Chicxulub impact. Immediately following the tsunami and 
erosional event, mass flow deposits consisting of the ripped up Maastrichtian mudstone 
sediments were deposited as mudstone conglomerates into the areas of low seafloor 
topography. These mass flow deposits were formed of large clast-laden non-cohesive 
debris flows of wellconsolidated Maastrichtian mudstone in a muddy matrix with some 
clasts up to 1 metre in diameter (Yancey and Liu, 2013). These mass flow deposits were 
the result of high energy disturbance and were deposited either by the backwash 
currents from the tsunami (Smit et al., 1996; Shanmugan, 2006) or as the result of 
significant seismic shaking (Denne et al., 2013; Yancey and Liu, 2013) that occurred 
immediately after the Chicxulub impact, or, most likely, as a combination of both. 
Although not preserved in current field exposures in the Brazos area, these mass flow 
deposits are preserved in sections, such as Brazos-2, that have now been covered up by 
modern-day river deposits. Yancey and Liu (2013, their figure 5) document these mass 
flow deposits in detail via field photographs and sedimentological logs. Donovan et al. 
(1988) described the K/Pg boundary in Alabama as a sequence boundary, due to the 
regional unconformity, although Donovan et al. (1988) tried, unsuccessfully, to fit this 
sequence boundary into a global sequence stratigraphy model. 
 
The Riverbank South (RBS) section is the most continuous Paleocene exposure in the 
Brazos River area. For this reason, the Fisher Alpha (Figs 7.05 and 7.06) and Shannon 
Weiner values recorded within this section should be regarded as the comparative signal 
for all sections within the Brazos River area that cover the same stratigraphic interval. 
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The Fisher Alpha values at RBS indicate values of a normal marine shelf (Murray, 
2006), with fluctuating values of between 6 and 12 within the Paleocene succession in 
the amalgamated signal of all the size fractions (Fig. 7.06). Although potential hyper 
saline bottom water conditions and a stratified water column can be inferred by a pulse 
of agglutinated species, such as Haplophragmoides and Ammobaculites species. A large 
peak in the Fisher Alpha value is recorded above the ‘Event Bed’ and, although this 
may record a period of environmental stress, it is believed to be predominantly a 
reworking signal as there is significant reworking within this interval. The increased 
amount of reworking above the ‘Event Bed’, especially of calcareous species, is 
evidence for a sea-level fall (regression). This regression is defined in the Brazos River 
area as a forced regression, as sea level falls and the coastline builds out into the basin. 
The reworking is of shallower shelf genera that have been washed into the system from 
up-shelf as the result of falling sea levels, or as the result of the instability after the K/Pg 
impact (Fig. 9.08). Following the high-energy deposition of the mass flow deposits, a 
thin shell lag was deposited in the troughs, onlapping onto the adjacent Maastrichtian 
mudstones (Fig. 9.09). This horizon, referred to in the literature as the ‘Spherule Bed’, 
resembles a transgressive shell lag with high-energy deposition. It contains ichthyoliths, 
bivalves, gastropods, fish bones, and other fragments, in high abundance. This horizon 
has a large amount of glauconite within it as well as reworked foraminifera, reworked 
nannofossils (M. Hampton pers. comm., 2013) Maastrichtian mudstone clasts, often 
large, and impact spherules from the Chicxulub impact.  
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Figure 9.08. Forced regression, sea-level fall, immediately after the K/Pg boundary event.  
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 Figure 9.09. Shell lag deposition at base of the ‘Event Bed’. A shell lag, containing reworked impact 
spherules, micro and macrofossil debris and clasts, is deposited in low areas of the sea floor in the 
‘troughs’ of the scoured sea floor. K/Pg boundary marked by the erosional unconformity. 
 
The presence of impact spherules within this horizon is undisputable evidence of a 
bolide impact, with the resulting tsunami causing the related erosional event(s). The 
presence of these impact spherules within this deposit also indicates a period of 
quiescence following the mass flow deposits which allowed the spherules to fall 
through the water column and be deposited on the seafloor, prior to being reworked into 
the shell lag. This reworking is evident by the ungraded and random deposition of 
Erosional Unconformity 
Debris flow deposit 
‘Spherule Bed’ 
Volcanic ashfall horizon 
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spherules within this horizon, compared to that of a ‘quiet’ environment such as that 
reported from the deeperwaters on Demerara Rise. On Demerara Rise the spherule bed 
is normally graded with the largest spherules at the base of the deposit, fining upwards 
to small spherules reflecting the relative time taken for these spherules to sink through 
the water column (MacLeod et al., 2007). The Iridium ‘spike’ that is also present within 
many K/Pg sections worldwide is also missing or extremely diluted in the Brazos River 
section. This is almost certainly due to the significant reworking of the impact deposits 
that occurred in areas more proximal to the impact site. On Demerara Rise the Iridium 
spike is present and coincident with the top of the spherule deposit (MacLeod et al., 
2007). In the El Kef GSSP section (Molina et al., 2006) and the Stevns Klint (Denmark) 
the Iridium ‘spike’ is just above the change in sedimentation that signals the K/Pg 
boundary. These sections were not subjected to high-energy erosion and re-deposition 
immediately following the K/Pg impact and as such have an in situ geochemical and 
sedimentological record, which is not the case in the Brazos River area. Capping the 
Spherule Bed are a series of interbedded sandstone and mudstone horizons that 
progressively onlap onto the remaining Maastrichtian, filling up the remaining 
accommodation space. Typically, the Spherule Bed is capped with a coarsening up, thin 
fine sandstone body with a mud base. This horizon is laminated and contains reworked 
foraminifera. Some small scale, gentle ripple packages are present within the upper, 
sandier portion indicating the influence of wave currents. From the pattern of deposition 
and the normal grading, a low energy environment is implied below storm wave base. 
The deposition of siliciclastic sands below storm wave base is the result of storm events 
depositing this material further offshore. This suggests that these deposits are, in fact, 
better regarded as tempestite deposits. 
Between sandstone horizons, prominent muddy horizons are present indicating a period 
of quiescence when fine-grained material was allowed to settle out from the water 
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column. These thin, laminated mud layers were colonised with in situ (life position) 
macrofauna such as gastropods, bivalves and scaphopods as well as large-sized benthic 
foraminifera. These shell horizons not only indicate ‘quiet’ periods, where macrofauna 
colonise, but also a period of increased organic material input that allow the macro and 
micro-organisms to colonise in large numbers. 
 
The top of the ‘Event Bed’ is characterised by several thick medium-grained sandstone 
beds that are often up to 30 cm thick and which filled up the remaining accommodation 
space within the eroded troughs and onlapped onto the Maastrichtian mudstones. These 
uppermost sandstone beds pinch out against the most positive areas of the Maastrichtian 
‘mounds’. The sandstone units display clear HCS packages within them as well as 
small-scale planar ripple packages at their base. The tops of these sandstones are often 
capped by parallel ripples in an east-west strike indicating a north-south current 
movement. There is often large burrow systems within the tops of these sandstone 
packages. These burrow systems are often over 1 meter long and bifurcate, although 
they do not burrow down into the sandstones and/or bioturbate the sands significantly. 
This indicates that these burrow systems are produced by grazing organisms.  
These sandstone units are indicative of tempestites and record several large-scale storm 
events in the immediate aftermath of the Chicxulub impact event. The HCS crossbedded 
sandstones produced by offshore movement of shore-zone sand by low velocity gradient 
currents of high energy storms (Yancey and Liu, 2013). Multiple units of HCS 
sandstones indicate a series of large storms affecting the continental shelf. These storms 
would be large enough to transport large amounts of siliciclastic material offshore to be 
deposited in a shelf setting below ‘normal’ storm wave base. These storms would not 
only be large enough to transport this material offshore into deep water but also to 
influence its deposition. The HCS and the parallel ripples show a strong oscillating, 
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bidirectional current influence on these tempestites. The parallel ripples and bioturbated 
cap, as well as the normal grading to these sandstone units are also indicative of a 
tempestite deposit (Morsilli and Pomar, 2012). The most positive areas of the 
Maastrichtian sea-floor topography did not get covered over by deposition from these 
tempestites. A juvenile oyster spat bed is preserved in the Riverbank South section on 
an exposed area of Maastrichtian sea-floor and indicates a quiet period of relatively low 
energy after the deposition of the tempestites. 
Above the ‘peak’ in the Fisher Alpha values above the ‘Event Bed’, the values decrease 
in all size fractions to an average of ~4, in accordance with restricted conditions; the 
alpha indices below 5 which is the lower diversity limit displayed by modern normal 
marine shelf assemblages (Nagy et al., 2010). Abundant pyrite within the washed 
residues from this interval also indicates reduced (low O2) conditions. Following the 
deposition of the ‘Event Bed’, claystones were deposited, blanketing the boundary 
complex entirely (Fig. 9.10). In Cottonmouth Creek, the first 2 – 3 cm of these 
claystones that sit directly upon the HCS bodies show very fine parallel lamination, 
indicating a low energy environment with no bioturbation taking place. The following 
clays are massive with mm scale sub-horizontal bioturbation throughout. This indicates 
both grazing and semi-infaunal colonisation in an open marine environment. 
Bioturbation is often preserved in the form of pyritised burrow infills. The abundant 
presence of pyrite, both as pyritised strands of burrow infill and fromboidal 
lumps,indicates that this is a period of reduced conditions on the benthos. Minimal 
macrofauna is present within these claystones, except occasional pyritised stienkerns of 
gastropods are also found in this interval. A thick horizon of Thalassinoides burrows 
and postdepositional nodules (LCH) is an important horizon that has been used to 
correlate the sections. The presence of Thalassinoides burrows is indicative of an open 
marine, shallow shelf setting with soft sediment colonised by crustaceans. 
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 Figure 9.10. Claystones and mudstones cover the ‘Event Bed’ and the remaining exposed Maastrichtian. 
Some bioturbation is evident in the lowermost deposits. 
Within the overlying Paleocene environment heterolithic sedimentation of muds and 
fine sands continues and an increase in macrofauna is evident. In the MSB horizon, 
abundant gastropods and bivalves are preserved as phosphatic stienkerns. Echinoids, 
scaphopods and rare bryazoans are also found. A prominent band of phosphatic oysters 
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(Picnodontids) is present within the upper MSB horizon. This fine sandstone body and 
the presence of sporadic Thalassinoides burrows indicates a shallow shelf environment 
and the increased macrofaunal colonisation points to a low energy environment. There 
is an overall increase in Fisher Alpha values from ~6 to >12 at the top of the MSB. This 
increase in diversity as indicated from the Fisher Alpha values is prevalent in all size 
fractions. This maximum diversity is recorded by a diverse assemblage of 
predominantly Lenticulina, Frankeina, Eponides, Robulus, Nodosaria, Vaginulina, 
Dentalina and Marginulina.Values, and therefore diversity, decrease gradually to an 
average value of ~7 towards the top of the section, the uppermost exposure in the 
Brazos River area, therefore, indicating a sea-level increase to mid to outer-shelf. 
Potential hyper thermal events occur at this point in the Early Paleogene, resulting in a 
greater freshwater input into the area. The dominance of calcareous species throughout 
the remaining succession in the Brazos River area indicates that the depositional setting 
was in an open marine shelf. Genera such as Lenticulina, Robulus, Nodosaria and 
Cibicides were all common and/or abundant throughout. In the uppermost stratigraphic 
interval exposed at RBS, Gyrodina spp. and buliminids begin to become dominant in 
the smaller size fractions, indicative of mid to outer shelf depths (175 m maximum 
depth). Significant reworking does not occur into the MSB where bioturbation is 
prevalent and a mid-shelf environment is implied from the presence of soft sediment 
Thalassinoides burrows. This interval is also described here, and by Yancey (1996), as a 
condensed unit with phosphatic stienkerns of bivalves. This condensed unit represents a 
period of slow deposition and minimal transport, indicative of a Transgressive Systems 
Tract; TST (Emery and Myers, 1996). This is coupled with an increase in abundance 
and diversity of the benthic foraminiferal assemblage as indicated from the Fisher 
Alpha and Shannon Weiner values as opportunistic taxa begin to dominate the 
assemblage (Emery and Myers, 1996) (Fig. 9.11).  
Chapter 9 - Synopsis
586
Figure 9.11. Transgressive System Tract in the Brazos area in the earliest Paleocene. 
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Assemblages from a normal marine shelf environment of this type consist entirely (or 
dominantly) of calcareous foraminifera, belonging mainly to Nodosariacea, although 
agglutinated taxa can also form a significant component (Murray, 2006). High species 
diversities are typical. The DSB horizon above this is capped by a prominent 
Thalassinoides burrow system with sporadic macro fossil debris. Again, the 
Thalassinoides bioturbation indicates a shallow shelf setting with soft sediments that 
allow the crustaceans to burrow freely, still defining a condensed section and, therefore, 
a TST. 
The main faunal proxies for normal marine shelf assemblages of the Northern North Sea 
Basin, were calculated by Nagy et al. (1990) in the Moray Firth Basin of Late 
Sinemurian to Early Pliensbachian age, comprising foraminiferal assemblages with 
average Fisher alpha diversities from 4.9 to 7.3 and proportion of calcareous taxa from 
73 to 99%. Within the Statfjord area, foraminiferal assemblages had average Fisher 
alpha values ranging from 4.0 to 8.4 and frequency of calcareous taxa varying from 
0.3% to 38%. In both successions the dominant genera are Marginulina, Lenticulina 
and Dentalina. The alpha diversities are generally well above 5, corresponding to the 
values of modern normal marine shelves.  
The faunal diversities stated by Nagy et al. (2010), expressed by the number of species, 
alpha index and the Shannon–Weaver index H(S), are low in accordance with restricted 
conditions; the alpha indices are below 5 which is the lower diversity limit displayed by 
modern normal marine shelf assemblages. These statistical values are similar to the 
values in the Brazos River area, especially the RBS section, which is the highest 
resolution of the early Paleogene of all the sections.  
Nodosariids are generally regarded as occurring in a much wider range of normal 
marine habitats. Significant numbers of these calcareous components indicate marine 
ingressions (Nagy et al., 2010), which resulted in temporary increased salinity in an 
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overall brackish development. In the Brazos River area, nodosariids (specifically 
Nodosaria affinis) become dominant towards the top of the MSB and continue to 
dominate towards the top of the succession, indicating an overall sea-level rise towards 
the top of the sections in the Brazos River area. It is also at this interval near the top of 
the MSB that diversity reaches its maximum values in the benthic assemblage and 
reworking is not evident. For these reasons, it can be concluded that the MSB represents 
a TST with the Maximum Flooding Surface (MFS) located at the top of this condensed 
unit (Fig. 9.12), where diversity reaches its peak values in all size fractions (see Figs 
7.05 and 7.06). The Shannon Weiner (H) species richness also peaks at this horizon, 
which also helps mark a MFS (Wakefield, 2003). A diverse, open marine, cosmopolitan 
and abundant assemblage within/capping a condensed unit is a clear indicator for a MFS 
(Loutit et al., 1988; Allen et al., 1991; Emery and Myers, 1996). Donovan et al. (1988) 
also recorded a MFS at a similar stratigraphic level (very top of biozone NP1) in 
Alabama. As this MFS is recorded here in Texas and by Donovan et al., (1988) in 
Alabama, it can be recorded as a regional event. Yancey (1996) placed a sequence 
boundary at the base of the MSB, but has subsequently removed it (Yancey, pers, 
comm., 2011). The benthic assemblage indicates a mid-shelf setting within the MSB,  
deepening from an inner to mid-shelf setting above the K/Pg boundary. This is also 
indicated by Yancey and Liu (2013). The remaining exposed Paleocene in the Brazos 
River area is represented by an overall fining-up series from fine sands/silts on top of 
the DSB to clays and muds in the uppermost exposures (Fig. 9.13). These mudstones 
and claystones are dark, organic rich shales with sporadic shell fragments with rare, 
whole specimens of small bivalves sometimes preserved. Some fine lamination is 
preserved indicating a very low energy environment.  
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Figure 9.12. Maximum Flooding Surface recorded at the top of the MSB condensed unit into the 
Paleocene. 
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This interval is often massive, with increased bioturbation sporadically occurring within 
this interval, preserved by mm scale pyritic strands in the shales that have often 
weathered and oxidised to a rusty brown staining. The presence of pyrite in abundance 
in this interval indicates reduced conditions. Larger burrows, up to 1 – 2 cm in diameter, 
sometimes create rusty brown nodules as the burrows have been pyritised and have now 
weathered to the rusty brown nodules.  
Sea level continued to rise into the Paleocene to the top of the section, derived from the 
sedimentology (siltstones/fine-grained sandstones to laminated dark mudstones) as well 
as the micropalaeontology. Nodosariids continue to dominate the assemblage and there 
are increase numbers of buliminids and Gyroidina spp. (such as Gyroidina depressa) 
indicating a switch to mid to outer-shelf depositional setting in the uppermost exposed 
Paleocene exposures in the Brazos River area, only observed at RBS and at the mouth 
of Cottonmouth Creek. Diversity and species richness decreases gradually from the top 
of the MSB indicative of a sea-level rise and can be placed within a Transgressive 
Systems Tract (TST) (Fig. 9.14). Statistically from the micropalaeontological data, this 
interval is defined as a Highstand Systems Tract. However, HST’s are characterized 
when the rate of sediment supply is equal to the amount of accommodation space being 
created by rising sea level (Emery and Myers, 1996). Although the shore line is 
prograding out into the shelf, sea level is still rising in relation to the position on the 
shelf. Due to the fact that sea-level continues to rise, all be it gradually, this interval is 
defined as still being within a TST. 
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Figure 9.13. Uppermost deposits exposed in the Brazos River area. These sediments are fine siltsontes 
and claystones and are seen at the very top of the exposure: ~6 m above the top of the ‘Event Bed’. 
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The abundance of ‘Globular’ planktic foraminifera also increase within this interval as 
heterohelicids decrease. Ordinarily, this would be regarded as evidence for a sea-level 
rise, but as the planktic foraminifera experienced a mass extinction event, this increase 
in ‘Globular’ planktic taxa cannot be quantified as it may only represent a recovery 
phase and cannot be accurately attributed to sea-level changes. Pyrite is common within 
this interval and there are often pyrite stienkerns and strands of pyritised burrow infill, 
indicating that reduced conditions may be prevalent in the benthos at this interval, 
although this may just be regarded as early diagenesis. However, the presence of pyrite 
within this interval may also indicate a condensed unit. The environment is most similar 
to that of the latest Maastrichtian in a mid-outer shelf, deeper water setting, well below 
storm wave base. 
Carillo et al. (1995) indicate that nearshore marine paleoenvironments are dominated by 
small, arenaceous benthic foraminifers consisting mainly of Ammobaculites sp. and 
Haplophragmoides sp. Inner neritic environments contain a benthic foraminiferal 
assemblage dominated by forms such as Haplophragmoides, Ammobaculites, Lituolidae 
and Trochammina, while Carillo et al. (1995) state that outer-neritic conditions are  
recognized by the presence of Gavelinella spp., Bulimina spp., Nodosaridae, and 
Lenticulina spp. This generalised assemblage pattern for shelf environments fits the 
micropaleontology observations in the Brazos River area. 
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Figure 9.14. Transgressive Systems Tract continues into the early Paleogene, represented by the 
exposures above the RPH at RBS.  
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In a comprehensive review of sea-level changes with relation to mass extinction events, 
Hallam and Wignall (1999) indicate that the latest Maastrichtian was marked by a sea-
level rise, followed by a regression that marked, or occurred coeval to, the K/Pg 
boundary. This pattern is also recorded in the Brazos River area and so it can be 
concluded that these changes in sea-level were eustatically controlled. A further, overall 
sea-level rise was recorded by Hallam and Wignall (1999) into the Danian in K/Pg sites 
worldwide (e.g., Southern Tunisia, Keller et al., 1998), concluding that this was a 
eustatically controlled event. A transgressive event was recorded in Alabama within this 
interval by Donovan et al. (1988) and also in a more distal locality by Leighton (2009) 
at the K/Pg locality at Stevns Klint, Denmark, with a change from inner-shelf to mid-
shelf within plaktic foraminfera biozone P1a. This was marked by the increase of mid to 
outer shelf taxa (e.g., Tappanina selmensis and Gyroidinoides nitida). 
Keller (1992) attributed the changes in the benthic foraminiferal assemblage as being 
environmentally driven. Keller (1992) indicated that a latest Cretaceous sea-level fall 
followed by a sea-level rise across the K/Pg boundary (continuing into the Danian) was 
probably responsible. Keller (1992) also concluded that the benthic foraminiferal 
assemblages in the Brazos River area were too shallow to have been affected by an 
expansion of the oxygen minimum zone that occurred during the transgression 
associated with the sea-level rise. 
Alve (1999) has described the dispersal and recolonisation of modern benthic 
foraminifera after stressed conditions. Initial lack of food (e.g., volcanic ash or ‘hostile’ 
substrate properties, such as recently re-oxygenated or severely contaminated 
sediments) may delay colonization by months or even years. Small, infaunal species – 
both calcareous and agglutinated – are among the first and most successful colonizers of 
soft bottom habitats from shallow waters to the deep sea (Alve, 1999).  
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In the Brazos River area, the samples analysed immediately above the ‘Event Bed’ 
show the presence of agglutinated species and some calcareous forms. This pattern of 
colonization after a stressed environment in conjunction with the observations derived 
from the agglutinated benthic foraminifera pulses are consistent with the conclusions of 
Alve (1999) and the reduced oxygen (hypoxic) conditions indicated by Murray et al 
(2003) and Nagy et al. (2010), for example. A summary of the sequence stratigraphic, 
geochemical and micropalaeontological changes can be seen in Figure 9.15. 
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9.2. Conclusions 
Sea-level appears to rise from mid to mid/outer shelf in the latest Maastrichtian prior to 
the K/Pg event, indicated by a rich planktic assemblage consisting of mainly ‘globular’ 
planktic taxa. Sea-level fell in a regression (forced) to inner/mid-shelf washing in 
calcareous foraminifera from up shelf with increased levels of reworking. Below the 
MSB, diversity and abundance increased within a condensed section in the early 
Paleocene. This represented a Transgressive Systems Tract, with opportunistic taxa 
returning after the K/Pg event (“Lazarus taxa”) as sea-level rose and the Brazos River 
area changed from an inner/mid-shelf to mid-shelf setting. A Maximum Flooding 
Surface is marked at the top of the MSB condensed unit where maximum diversity and 
abundance, with little reworking is recorded. Increased coarsely agglutinated species 
and low diversity, abundant ostracods may indicate a further increase of run off and 
hypoxic conditions again. Alternatively, this interval represents where favourable 
conditions return with well oxidised bottom conditions. An increase in sea level within 
the Fiskeler Member (= Fish Clay), the lowermost Danian (biozone P1a), is also 
comparable with other studies. Keller (1992) indicated that at the Brazos River section, 
Texas, the benthic foraminiferal assemblage indicated a middle neritic marine 
environment in the uppermost Cretaceous. Sea-level continued to rise to an outer shelf 
setting into the Paleocene as still part of the Transgressive Systems Tract, with a 
decreasing diversity to the benthic foraminiferal assemblage and increasing numbers of 
Gyroidina spp., buliminids and nodosariids. 
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10. CONCLUSIONS AND FURTHER WORK 
 
10.1. Sedimentological Conclusions 
The main sedimentological conclusions of this project are; 
 In the Upper Maastrichtian, a series of thin ash bands (bentonites) are present 
within  Maastrichtain mudstones. These ash bands are of volcanic origin and not 
the fallout of bolide impact(s). 
 Multiple ash bands are observed within the Mulliax 1-3 cores, as well as in the 
field, where they weather to a gypsum rich orange horizon. 
 The yellow band exposed at Cottonmouth Creek is therefore an ash band and not 
the fallout of the impact at Chicxulub. This means that the argument for multiple 
impacts across the K/Pg boundary and the conclusion of extinctions occurring 
after the K/Pg boundary are unfounded. 
 As the yellow horizon at Cottonmouth Creek is an ash band and, more 
importantly, not unique, it cannot define the K/Pg boundary. 
 The K/Pg boundary is defined by the official definition of Molina et al. (2006) 
and must be adhered to. 
 A significant erosional event occurred immediately after the Chicxulub bolide 
impact. This erosional event was the result of a tsnamni that travelled across the 
Gulf of Mexico from the Chicxulub impact.  
 The tsunami, possibly aided by significant seismic shaking, ripped up the 
seafloor and created a mounded ‘topography’. This erosional event is, defacto, 
the K/Pg boundary. The sediments that were eroded were redeposited as a series 
of mass flow deposits within the troughs of the mounded topography. 
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 The fallout from the Chicxulub impact along with macrofossil debris was 
deposited in the troughs in a shell lag. The remaining erosional topography was 
filled up with a series of tempestites. 
 Periods of quiescence punctuated these storm events. Juvenile oysters colonised 
the most positive areas, reflecting a period of stability immediately following the 
K/Pg boundary event.  
 The boundary complex is preserved within Mullinax 1 core but not Mullinax 2 
or 3. This is due to Mullinax 2 and 3 being drilled through the positive tops of 
the mounds where Mullinax 1 was drilled though a trough. Mullinax 2 and 3 
were not eroded due to sub areal exposure as stated by Adatte et al. (2011). 
 The rootlet systems in the Mullinax 2 and 3 cores are of Pleistocene age and not 
evidence for a Danian palaeosol in a mangrove environment. 
 Sedimentation continued in the early Paleogene, depositing mudstones and 
claystones to cap the event bed deposits. Silt and sandstone bodies 2 – 3 metres 
above the Event Bed possibly indicate a more proximal setting (inner to mid-
shelf) where more siliclastic material was more readily deposited. 
 The Middle Sandstone Bed (MSB) is a condensed unit with phosphatic 
stienkerns and represents a transgressive unit. 
 These silt and sandstone bodies contain micro and macro fossils. The uppermost 
exposed Paleogene sediments are mudstones and claystones and indicate a 
return to deeper waters (mid to outer shelf) compared to the Upper Maastrichtian 
deposits. 
 
10.2. Micropalaeontology Conclusions 
The main foraminiferal conclusions of this project are; 
 The benthic foraminifera do not exhibit a mass extinction event, unlike the 
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planktic foraminifera which record a mass extinction event and are extremely 
reduced into the early Paleocene.  
 Sea-level appears to have risen from mid to mid/outer shelf in the latest 
Maastrichtian prior to the K/Pg event, indicated by a rich planktic assemblage 
consisting of mainly ‘globular’ planktic taxa.  
 The erosional event that marks the K/Pg boundary cannot be placed in a 
sequence stratigraphy model due to its unique formation; erosion from 
Chicxulub impact.  
 Hypoxic conditions immediately above the ‘Event Bed’ was caused by an 
increase of run off and freshwater input in the Brazos River area. This was 
coupled with increasing organic matter into the area and created a stratified 
water column and brackish bottom conditions. The benthic foraminiferal 
response to this was an agglutinated organic-cemented dominant assemblage.  
 Sea-level fell in a forced regression, washing in calcareous foraminifera from up 
shelf with increased levels of reworking.  
 Below the MSB, diversity and abundance increased within a condensed section 
in the early Paleocene. This represented a Transgressive Systems Tract, with 
opportunistic taxa returning after the K/Pg event (“Lazarus taxa”) as sea-levels 
rose and the Brazos River area changed from an inner/mid-shelf to mid-shelf 
setting.  
 A maximum flooding surface is marked at the top of the MSB condensed unit 
where maximum diversity and abundance, with little reworking is recorded. 
Increased coarsely agglutinated species and low diversity, abundant ostracods 
may indicate a further increase of run off and hypoxic conditions again. 
Alternatively, this interval represents where favourable conditions return with 
well oxygenated bottom conditions. 
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 Sea-level continued to rise to an outer shelf setting into the Paleocene still as 
part of a Transgressive Systems Tract, indicated by the sedimentology and 
decreasing diversity and increasing amounts of Gyroidina spp., Buliminids and 
Nodosariids, for example, and the increasing, recovering ‘globular’ planktic 
taxa. 
 
10.3. Geochemical Conclusions 
The main geochemical conclusions of this project are; 
 The oxygen and carbon stable isotope data suggest that the DAN-C2 and Lower 
C29n hyperthermal events have been detected in the mid-shelf.  
 The affect of diagenesis cannot be quantified, but must be considered. 
 These events appear to be coeval to those identified by Coccioni et al. (2010) 
from the Contessa Highway K/Pg section in Italy, and occur at the same 
stratigraphic level, determined by both calcareous nannofossil and planktic 
foraminferal biozonation schemes.  
 The variation in δ18O and δ13C recorded in the various size fractions of the 
monospecific Lenticulina rotulata samples used in this investigation raises 
issues for stable isotope data arising from variously-sized foraminifera or 
samples of mixed benthic assemblages. 
 The data do, however, indicate that fossil material is showing stable isotope 
variations in line with those recorded in modern (living) foraminifera.  
 The stable isotopic signal from the Brazos River area indicates an increased 
amount of surface run-off (freshwater input) into the Brazos River area in the 
early Paleocene. This increased surface run-off can produce a geochemical 
signal that may mark hyperthermal events.  
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 The increased surface run-off, hyperthermal events and bulk organic δ13C 
geochemical signals indicate that the early Paleogene immediately after the 
K/Pg boundary event was a period of climatic instability and fluctuating 
environmental parameters. 
 
10.4. Further Work 
As with all doctoral research projects, there is a finite amount of data and disciplines 
that can be utilized within a limited time frame. The following additional work has been 
identified that would aid the resolution and depth of the study that were not possible 
during the time frame of this PhD. 
 The taxonomy of the benthic foraminfera within the Gulf of Mexico area across 
the K/Pg boundary is in need of revision. The taxonomy was originally 
described and recorded by Cushman (1946, 1954) for the uppermost Cretaceous 
and lowermost Paleogene in the Gulf of Mexico. Since that time, the taxonomy 
has not been officially revised or updated. Cushman (1946, 1954) described, and 
named, benthic foraminifera according to formations in which they were found, 
as was the norm for North American micropalaeontologists at the time. As a 
result, species often changed name if they were recorded in a different formation 
from that in which they were originally recorded. For example, an individual 
species may be recorded as ‘eaglefordensis’ in the Cretaceous as it occurred in 
the Eagleford Shale, while the same species may be named ‘midwayensis’ in the 
Paleogene as it was found in the Midway Formation. Cushman’s original species 
descriptions do not contain any environmental comments or other 
palaeoecological comments, which was also the normal procedure for almost all 
micropalaeontologists in the early 20
th
Century. The scope of this revision of the 
taxonomy is vast and would be a significant undertaking, requiring more time 
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than was available during this investigation. Detailed descriptions, SEM images, 
a comprehensive analysis of the taxonomic literature and collection of more 
benthic taxa from a greater number of locations spanning a longer time interval 
than that represented by strata adjacent to the K/Pg boundary. This would also 
involve an investigation of a range of collections and not just the Cushman 
Collection in the Smithsonian Museum of Natural History, Washington D.C. 
 During this research project, a suite of palynological samples from the RBS 
section were prepared at the British Geological Survey to add to the 
multidisciplinary nature of the project. However, the prepared slides were found 
to contain abundant tests of foraminifera that should have been removed during 
processing. The presence of these tests, as distinct from organic linings, 
indicated that there was either a problem with the processing technique and/or 
there was a contamination issue with the samples. As a result, the samples could 
not be analysed for palynology, as the extent of the contamination could not be 
defined. A full palynological study of the successions in the Brazos River area 
would add to the resolution and environmental interpretations. Some palynology 
has been done from the Mullinax-1 core by Prauss (2009) and by Tuba Aydin 
(MSc Thesis, 2013) on the uppermost Maastrichtian and lowermost Paleocene 
from the Brazos River area. A high-resolution study that would cover the entire 
stratigraphic range of the Brazos River sections would be invaluable in order to 
improve environmental interpretations. A palynological study of the Brazos 
River area would also be helpful in order to correlate to other K/Pg boundary 
sections worldwide e.g., Alabama (USA), Stevns Klint (Denmark) and El Kef 
(Tunisia). 
 Calcareous nannofossils were analysed by Matt Hampton (Network 
Stratigraphic Ltd) using a suite of sample splits from the RBS section in order to 
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improve both biostratigraphic resolution and an appreciation of the scale of 
reworking. An earlier investigation of calcareous nannofossil study by N. 
Thibault (Copenhagen University) and S. Gardin (Paris University) was done on 
samples from the Mullinax-1 core, but never published. The integration of data 
from a full study of the calcareous nannofossils, combined with the 
foraminiferal, sedimentological and geochemical data would prove useful in the 
further interpretation of the K/Pg environmental changes. 
 Whilst this project was solely focused on the sections within the Brazos River 
area, a regional study would be more effective in understanding the events and 
environmental changes around the K/Pg boundary with particular reference to 
the sedimentology and sedimentological processes. This future work would be 
particularly useful in the K/Pg boundary successions of mid-Alabama which 
Professor Hart visited, briefly, in 2012 and found similar, although apparently 
much more severe, erosional processes that mark the K/Pg boundary (M. B. 
Hart, pers. comm., 2012). 
 The volcanic ash beds that were identified within the uppermost Maastrichtian 
mudstones of the Brazos River area require further analysis. A detailed 
geochemical analysis of these volcanic ashes and, in particular, the heavy 
minerals recovered from them, may be able to locate their source.  Further 
Argon/Argon and Uranium/Lead dating, and backscatter SEM analysis, was 
impossible during this investigation. 
 Planktic foraminifera were investigated, and picked, alongside the benthic 
foraminifera whilst the current micropalaeontological analysis was being 
performed. The picked slides of planktic foraminfera require no extra processing 
and are available for study. This material could then be compared to other 
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published work on planktic foraminifera from the Brazos River area (e.g., Keller 
et al., 2008).  
 The stable isotope results found during this project are potentially important and 
other K/Pg boundary sections should be investigated using the same 
methodology (species specific for each size fraction) in order to assess both the 
presence and magnitude of early Danian hyperthermal events and early 
Paleogene environmental conditions.  This methodology would also allow for 
the changes in magnitude of isotopic excursions with relation to benthic 
foraminiferal test size (=maturity) within this interval. A particularly important 
study would focus on proximal successions to the K/Pg impact site (e.g., 
Alabama, Mexico) and more distal boundary sections (e.g., Denmark, Spain, 
North Africa). Although some recent studies have begun to deal with these 
geographic areas, more needs to be done. 
 Future K/Pg boundary studies, particularly in the Brazos River area and in mid-
Alabama must adopt the official definition of the K/Pg boundary ratified by the 
ICS (International Stratigraphy Commission) and described by Molina et al. 
(2006). The reluctance, or non-understanding, of some K/Pg boundary workers 
to use the officially designated K/Pg boundary not only adds further confusion 
but also generates false correlations and spurious interpretations. Many of the 
current K/Pg boundary debates, particularly in the Brazos River area, can be 
resolved by the use of the correct K/Pg boundary criteria. 
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θ
B
 
S
i
n
g
l
e
θ
B
 
B
o
t
h
RBS-Z 570 >500μm 4 6 2 3 1 16 16 0 0 0 0 0 0/16 0 0
>250μm 4 2 4 1 10 1 1 2 1 2 2 2 32 32 0 0 0 0 0 1/31 0 0
>150μm 1 10 6 2 2 11 1 20 4 7 1 1 1 7 14 4 38 2 1 44 6 1 1 1 32 3 3 2 4 230 260 30 27 3 0 0 0/230 0 0
>63μm 1 8 2 3 3 20 2 1 4 4 1 2 50 1 4 1 1 2 1 3 1 1 2 3 4 7 1 133 411 225 92 51 41 0 0 0/133 0 0
RBS-Y 530 >500μm 17 1 20 9 47 47 0 0 0 0 1 0/47 0 0
>250μm 4 4 3 1 68 1 1 3 1 3 4 10 2 9 2 2 118 119 1 1 0 10 0 0/118 0 0
>150μm 17 1 6 4 1 14 2 3 2 7 1 3 2 6 9 36 1 1 2 1 1 1 51 2 1 2 1 3 1 1 20 4 7 4 1 1 220 263 43 39 4 6 0 3/220 0 0
>63μm 6 3 4 1 4 3 4 14 7 1 2 2 32 6 2 1 2 4 7 1 2 7 2 117 502 255 138 82 56 0 0 0/117 0 0
RBS-X 518 >500μm 43 18 2 13 14 8 98 98 0 0 0 5 0 0/98 3 0
>250μm 2 4 2 1 1 1 3 1 1 1 1 3 2 1 1 1 2 115 1 3 2 5 4 2 3 2 1 1 6 2 4 4 6 20 2 4 37 252 252 0 0 0 111 0 0/252 35 0
>150μm 12 3 3 2 4 4 13 6 5 2 6 2 11 4 2 19 2 3 1 32 1 2 1 1 2 1 2 4 13 10 2 3 1 2 9 4 1 2 197 284 87 70 17 29 0 2/197 7 0
>63μm 4 6 1 4 10 4 13 18 2 1 1 1 1 19 1 3 1 4 1 8 8 3 11 3 3 131 678 267 136 97 39 0 0 0/129 0 0
RBS-W 495 >500μm 16 13 2 20 27 2 80 80 0 0 0 6 0 0/80 4 0
>250μm 6 1 4 2 2 3 1 2 1 1 1 1 120 4 1 3 1 15 11 3 2 1 2 1 2 1 8 2 14 20 3 2 1 2 8 1 253 256 3 3 0 108 0 0/256 38 0
>150μm 1 2 3 1 1 10 17 7 7 3 7 1 8 9 3 25 2 1 1 1 33 1 1 2 1 6 19 4 4 2 2 7 1 2 195 277 82 79 3 0/195 0 0
>63μm 2 1 2 3 2 16 10 1 6 11 32 5 3 1 6 8 2 5 2 118 646 280 162 144 18 0 0 0/117 0 0
RBS-V 475 >500μm 16 5 9 19 9 1 59 59 0 0 0 4 0 0/51 0 0
>250μm 5 10 1 2 2 3 3 8 3 1 4 6 1 1 106 4 1 9 4 2 1 3 1 4 5 2 9 23 23 4 1 6 1 259 262 3 3 0 213 1 0/259 58 0
>150μm 8 1 3 4 43 10 3 1 1 1 1 2 4 8 2 3 1 34 16 3 1 3 15 2 1 6 1 1 1 180 257 77 77 0 9 0 1/180 0 0
>63μm 1 3 2 12 19 2 2 3 2 2 2 29 5 1 3 1 2 14 1 11 3 2 122 620 313 191 183 8 0 0 0/121 0 0
RBS-U 450 >500μm 27 12 1 3 7 1 3 54 54 0 0 0 1 0 0/54 0 0
>250μm 2 1 2 1 3 1 4 2 1 4 1 3 143 1 1 1 1 13 1 8 5 3 1 9 2 1 1 1 2 1 2 2 3 8 13 3 1 2 7 261 269 8 8 0 117 1 0/263 24 0
>150μm 7 1 5 17 5 1 1 1 2 4 2 14 1 1 27 1 41 1 1 1 1 1 1 1 1 1 2 1 9 4 7 7 2 1 2 1 1 2 1 180 266 86 86 0 25 0 0/180 0 0
>63μm 2 1 1 2 13 16 2 1 2 5 1 1 3 1 22 1 2 1 1 1 1 1 5 2 1 3 6 2 8 3 2 113 608 293 180 172 8 0 0 0/113 0 0
RBS-T 418 MISSING 0 0
RBS-S 388 >500μm 1 2 2 1 1 106 45 1 8 3 1 18 11 4 204 204 0 0 0 35 12 3/203 17 11
>250μm 1 2 3 1 1 1 3 1 3 1 2 9 1 2 1 2 3 1 1 1 1 2 1 109 6 1 2 10 2 2 1 1 3 1 4 6 3 7 2 2 31 237 239 2 2 0 228 8 8/249 31 0
>150μm 8 3 4 2 1 4 12 15 1 3 2 2 1 1 1 1 2 2 2 12 1 29 1 3 2 1 2 1 8 3 1 2 2 1 1 4 2 143 273 130 127 3 39 0 0/146 2 0
>63μm 3 1 3 2 1 1 2 12 13 2 1 1 1 1 4 1 1 2 1 3 3 4 5 68 652 270 202 170 32 0 0 0/68 0 0
RBS-R 365 >500μm 1 3 1 12 5 9 120 6 1 77 6 3 1 7 2 7 261 261 0 0 0 31 7 26/235 15 6
>250μm 2 1 1 3 1 4 1 4 5 2 1 3 11 2 2 12 1 5 1 5 1 1 118 4 1 2 1 1 2 16 3 1 1 1 3 3 4 1 3 10 26 270 274 4 4 0 246 11 23/248 38 0
>150μm 11 2 3 2 2 8 11 14 3 2 1 3 9 1 1 12 1 2 6 2 1 10 1 2 3 1 1 1 116 276 160 152 8 10 0 0/103 0 0
>63μm 1 2 1 3 3 9 1 1 3 2 2 1 4 4 3 1 2 4 2 1 5 3 58 705 273 215 189 26 0 0 3/55 0 0
RBS-Q 305 >500μm 4 1 2 9 15 24 90 2 3 73 1 2 3 6 13 2 2 1 253 253 0 0 0 164 4 53/200 28 3
>250μm 3 25 6 5 3 4 1 2 2 1 4 2 2 2 4 3 5 10 3 18 1 3 1 2 62 1 3 6 1 1 1 1 1 1 2 5 1 1 3 8 3 213 252 39 39 0 375 6 44/172 41 1
>150μm 13 8 4 3 3 1 10 4 1 1 1 1 1 15 1 3 1 1 10 2 1 6 4 4 8 1 2 1 2 2 115 291 176 170 6 38 1 1/113 1 0
>63μm 6 2 3 3 1 2 9 1 1 2 3 1 2 5 1 2 1 1 1 2 2 1 52 633 269 217 197 20 0 0 0/52 0 0
RBS-P 275 >500μm 1 5 3 2 1 26 10 32 106 1 2 1 41 1 8 5 1 6 2 5 259 259 0 0 0 159 22 76/183 58 7
>250μm 2 12 7 3 6 1 5 2 3 1 2 3 6 1 2 1 2 2 7 3 1 5 1 2 8 26 7 6 2 2 63 2 1 1 8 1 2 1 3 2 4 5 2 2 3 3 7 4 15 3 263 265 2 2 0 298 4 57/198 117 1
>150μm 16 2 4 2 7 1 1 2 2 27 11 1 1 1 2 2 1 1 4 3 1 15 3 2 1 2 4 5 3 2 1 3 1 1 135 270 135 131 4 81 1 1/140 4 0
>63μm 3 1 1 1 4 3 8 14 1 1 5 2 2 4 1 2 2 1 2 16 1 7 1 2 2 87 744 285 198 188 10 4 0 1/103 0 0
RBS-O 258 >500μm 8 2 1 1 3 1 4 2 5 70 10 4 16 3 16 3 6 4 2 6 4 4 1 176 176 0 0 0 42 24 29/147 21 17
>250μm 5 4 2 6 2 3 2 5 5 7 6 1 1 6 4 1 9 1 2 6 6 3 1 2 77 1 2 1 6 1 2 1 1 1 5 5 4 2 57 2 258 260 2 2 0 161 3 21/134 68 3
>150μm 6 2 1 1 2 3 18 20 1 3 2 3 1 11 2 3 1 1 2 25 3 2 1 1 1 2 2 1 1 10 3 2 1 4 2 1 145 232 87 84 3 49 1 4/146 13 1
>63μm 3 5 2 1 3 1 2 3 14 18 2 1 2 7 1 3 3 2 1 1 7 2 9 6 4 103 682 299 196 175 21 0 0 0/101 0 0
RBS-N 245 >500μm 1 45 12 1 2 2 11 1 35 5 2 15 3 2 2 1 140 140 0 0 0 23 17 1/139 7 14
>250μm 2 2 6 6 3 5 3 4 5 5 3 2 1 119 5 4 2 3 24 4 1 6 3 1 3 1 5 27 1 256 256 0 0 0 204 4 1/256 113 0
>150μm 2 10 4 2 1 1 4 4 2 28 45 1 1 1 2 2 7 7 7 42 2 2 1 1 2 3 7 8 3 1 1 1 205 254 49 47 2 56 0 0/205 27 0
>63μm 2 1 3 1 5 1 3 13 5 1 2 1 7 5 1 51 652 260 209 119 90 0 0 0/51 0 0
RBS-M 205 >500μm 2 5 2 1 141 6 9 20 10 1 1 2 16 3 2 10 1 232 232 0 0 0 66 25 1/230 54 23
>250μm 3 2 1 4 2 1 1 22 1 2 6 4 14 15 6 3 3 4 1 1 2 54 3 2 3 3 4 2 7 4 2 3 1 6 1 4 1 1 1 42 1 2 245 246 1 1 0 146 8 2/ 103 1
>150μm 3 3 10 1 1 2 2 3 16 41 37 1 4 1 6 1 2 1 17 5 2 6 1 32 2 1 1 1 6 1 5 13 4 1 233 257 24 24 0 19 1 1/ 0 0
>63μm 3 1 1 2 3 3 27 1 1 2 3 4 1 10 3 7 1 1 1 75 785 319 244 189 55 0 0 2/73 0 0
RBS-L 183 >500μm 2 1 59 1 4 10 4 1 13 1 4 6 106 106 0 0 0 16 9 0/106 14 9
>250μm 9 2 2 4 1 15 5 3 16 12 11 3 1 2 97 1 1 3 1 3 1 3 3 1 3 3 4 2 46 1 259 259 0 0 0 69 2 2/257 52 0
>150μm 6 8 2 5 11 1 1 2 6 4 43 58 2 5 3 2 6 1 2 14 1 3 1 16 5 26 2 1 1 3 2 13 1 1 2 2 1 2 265 273 8 8 0 16 0 5/261 3 0
>63μm 2 6 3 1 2 6 2 11 20 1 17 1 4 3 2 1 1 3 3 22 7 1 26 1 7 153 783 261 108 92 16 0 0 1/157 0 0
RBS-K 165 >500μm 1 1 49 1 4 2 2 2 7 2 1 72 72 0 0 0 4 10 0/72 2 9
>250μm 1 2 22 3 7 9 14 3 4 3 1 4 2 62 5 1 2 3 3 4 1 1 2 2 41 202 203 1 1 0 77 5 5/197 55 5
>150μm 14 6 1 7 5 1 1 8 15 18 53 1 3 1 1 1 4 4 1 1 3 4 1 28 1 1 2 4 3 18 2 1 3 1 5 1 5 229 260 31 29 2 8 2 5/224 3 2
>63μm 7 3 1 1 11 7 13 33 1 2 2 2 1 1 8 4 2 3 2 7 3 16 3 3 9 2 6 2 155 658 257 102 83 19 0 0 0/155 0 0
RBS-J 135 >500μm 10 10 10 0 0 0 0 0 0/10 0 0
>250μm 1 1 1 10 1 6 220 1 1 1 3 2 7 1 256 256 0 0 0 7 0 6/256 3 0
>150μm 1 4 7 2 4 6 25 33 2 4 1 110 2 58 2 4 1 266 273 7 5 2 2 1 5/261 0 0
>63μm 1 1 3 2 1 5 14 101 8 1 1 14 6 1 2 3 40 2 1 12 1 2 2 6 12 242 774 263 21 12 9 0 0 1/248 0 0
RBS-I 115 >500μm 3 4 1 1 17 2 3 1 6 38 38 0 0 0 3 10 2/36 1 10
>250μm 1 6 2 4 1 1 3 1 4 4 7 1 9 3 17 3 8 1 14 1 126 1 3 2 1 5 17 246 246 0 0 0 87 0 24/226 45 0
>150μm 1 5 27 1 2 3 2 7 4 25 30 3 3 1 1 30 4 8 51 3 1 3 4 3 11 3 1 2 1 240 256 16 14 2 9 1 14/226 5 0
>63μm 2 3 2 1 2 8 2 9 20 1 3 1 11 3 2 2 1 3 1 4 2 10 2 3 16 2 3 1 4 124 648 319 195 162 33 0 0 1/127 0 0
RBS-H 95 >500μm 3 1 4 4 0 0 0 1 0 0/4
>250μm 9 17 29 11 4 1 16 1 2 46 7 21 74 6 1 2 2 3 10 5 10 1 2 280 287 7 7 0 137/132
>150μm 6 6 2 1 2 3 6 3 2 42 2 30 2 4 81 2 2 1 1 1 5 3 7 4 1 1 3 1 224 246 22 11 11 4 2 51/172
>63μm 2 4 3 1 1 2 1 2 1 2 6 13 36 1 1 6 1 4 12 2 13 1 3 2 10 8 2 3 3 7 2 6 25 6 2 194 702 281 87 26 61 8 0 3/191
RBS-G 78 >500μm 2 7 1 1 11 11 0 0 0 0 0 0/11
>250μm 5 3 12 1 25 3 1 3 2 9 2 28 2 63 5 64 1 1 2 6 7 2 4 1 1 253 256 3 3 0 3 0 123/128
>150μm 9 7 3 2 1 1 2 13 5 7 57 1 1 6 35 3 54 7 2 3 1 3 1 2 6 1 14 1 1 1 4 1 255 287 32 13 19 4 0 67/186
>63μm 3 4 2 2 6 3 4 9 83 2 16 6 1 8 2 1 2 3 5 5 1 7 1 7 7 1 2 3 196 715 262 66 17 49 0 0 1/192
RBS-F 60 >500μm 54 8 2 64 64 0 0 0 0 1 0/64
>250μm 6 8 15 12 2 1 3 2 2 2 1 2 2 3 28 7 89 9 2 1 1 7 4 7 9 1 226 264 38 29 9 10 0 94/132
>150μm 3 3 1 2 4 3 3 3 2 3 22 3 45 4 4 1 2 4 1 1 11 1 3 1 1 2 1 134 267 133 67 66 0 0 44/90
>63μm 4 3 1 1 1 8 9 3 13 1 1 3 1 3 1 1 1 1 1 1 1 59 483 251 192 33 159 0 0 8/51
RBS-E 50 >500μm 1 1 1 0 0 0 0 0 0/1
>250μm 1 1 1 1 1 3 1 1 1 1 12 39 27 19 8 7 5 1/10
>150μm 1 1 1 1 1 2 3 3 1 1 1 2 1 1 3 2 1 26 239 213 86 127 2 0 1/26 0 0
>63μm 1 1 1 3 5 1 8 1 1 1 1 3 27 66 270 243 72 171 0 0 2/25 0 0
RBS-B 12 >500μm 2 1 3 3 0 0 0 3 0 0/3
>250μm 2 2 2 1 2 1 1 1 1 1 1 2 1 87 1 1 1 1 1 15 2 3 2 3 4 1 2 1 143 216 73 59 14 44 19 25/118
>150μm 4 1 1 1 1 2 2 4 1 1 2 1 1 1 2 1 10 2 2 1 1 42 252 210 101 109 1 0 14/28 0 0
Danian >63μm 3 1 2 3 6 16 2 1 1 1 3 1 2 42 230 327 285 88 197 0 0 1/40 0 0
MaastrichtianRBS-A 0 >500μm 32 2 1 1 36 37 1 1 0 0 0 1/35
>250μm 5 2 1 5 2 47 6 1 4 1 1 2 17 4 2 2 1 1 15 6 125 255 130 99 31 14 2 54/71
>150μm 1 1 1 1 2 1 1 3 2 3 13 1 1 1 1 1 4 1 1 2 6 1 49 268 219 120 99 11 0 25/23
>63μm 1 1 1 3 1 3 1 2 1 2 16 226 270 254 56 198 0 0 1/15
RBS-C -15 >500μm 49 1 50 50 0 0 0 0 0 1/49
>250μm 1 1 4 2 2 5 2 75 2 1 1 1 3 1 4 15 1 3 1 1 5 2 133 250 117 87 30 49 3 41/91
>150μm 1 3 1 2 2 1 1 1 13 1 1 4 5 12 1 2 51 286 235 74 161 10 0 19/33
>63μm 1 3 2 14 1 12 5 1 1 2 1 2 1 46 280 279 233 46 187 0 0 2/44
RBS-D -68 >500μm 45 1 2 1 49 49 0 0 0 0 1 0/49
>250μm 7 14 2 1 1 46 6 1 19 2 1 2 1 2 105 270 165 130 35 36 4 49/56
>150μm 1 1 2 2 4 2 1 1 1 1 12 1 2 10 1 1 2 45 271 226 144 82 5 0 26/19
>63μm 1 1 1 1 2 5 6 2 1 2 9 1 3 1 1 3 4 3 1 1 2 51 250 265 214 55 159 0 0 5/46
TOTAL 1 40 35 84 1 53 12 1 1 281 1 71 1 104 82 90 0 4 4 16 2 5 1 27 20 36 14 2 7 2 2 48 4 1 0 2 26 155 119 582 930 50 12 38 0 24 5 2 9 141 7 2 2 5 2 48 1 30 18 173 72 1 1 1 0 1 25 131 2 21 6 30 32 7 1 1 1 1 2 2 1 43 417 1 0 1 2 27 3 2 117 40 2 94 1 2 1 2 0 10 2 3 4 1 109 16 1 1 2 2 10 6 572 6 1 0 15 278 2 7 5 0 55 4 11 7 0 2 1 0 5 1 7 3 3 10 11 4175 80 25 3 22 13 62 24 7 19 69 3 35 5 1 0 1 1 12 1 1 1 4 23 1 1 1 1 22 1 12 2 9 1 5 35 1 2 0 3 2 517 1 2 2 1 3 1 4 0 1 1 2 48 1 2 62 2 1 22 86 11 1 1 2 7 149 33 2 13 5 8 1 141 1 6 3 5 19 53 15 1 11 462 36 34 43 22 0 2 0 1 1 1 2 2 108 125 33 33 158 19 150 2 247 34 3 12 3 0 1 16 1 3 13 174 2 4 3 7 8 0 1 1 4 7 24 1 16 2 0 438 5 1 5 4 3 8 45 6 87 1 32 0 41 0 14133 14133 21658 0 0 0 7525 4983 2542 0 0 3628 239
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θ
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S
i
n
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l
e
θ
B
 
B
o
t
h
RBS-Z 570 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 0,00 0,00 0,00 0,00 18,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 16 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 0,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 31,25 3,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 32 0,00 0,00 0,00 0 0 1 3,13 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 4,35 0,00 0,00 0,00 2,61 0,87 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,78 0,43 8,70 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,04 0,43 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,43 3,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,52 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 19,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 13,91 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,87 0,00 0,00 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 88,46 260 11,54 10,38 1,15 0 0 0 0,00 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 6,02 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 2,26 2,26 15,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 3,01 3,01 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,59 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 2,26 0,75 0,75 1,50 2,26 0,00 0,00 3,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 100 59,11 400 225 40,89 22,67 18,22 0 0 0 0,00 0 0
RBS-Y 530 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 36,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 42,55 0,00 19,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 47 0,00 0,00 0,00 0 1 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 57,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,54 3,39 0,00 0,00 8,47 1,69 0,00 0,00 7,63 1,69 0,00 0,00 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 99,16 119 0,84 0,84 0,00 10 0 0 0,00 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,73 0,00 0,45 0,00 2,73 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,36 0,00 0,91 1,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,18 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 1,36 0,00 0,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,73 4,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,36 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,91 0,00 0,45 0,00 0,45 0,00 0,45 23,18 0,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,45 0,00 0,00 9,09 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,18 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 83,65 263 16,35 14,83 1,52 6 0 3 1,36 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,13 0,00 0,00 0,00 2,56 3,42 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 3,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,56 3,42 11,97 5,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 1,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 27,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 1,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,42 0,00 0,00 0,00 5,98 0,00 0,85 1,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,71 0,00 0,00 0,00 100 45,88 400 255 54,12 32,16 21,96 0 0 0 0,00 0 0
RBS-X 518 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 43,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 13,27 0,00 14,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 98 0,00 0,00 0,00 5 0 0 0,00 3 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 1,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 1,19 0,00 0,00 0,00 0,00 0,00 0,40 0,40 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 1,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,40 0,00 0,79 45,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 1,19 0,00 0,00 0,00 0,79 0,00 0,00 1,98 0,00 0,00 0,00 0,00 1,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 1,19 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,79 1,59 1,59 2,38 0,00 7,94 0,79 0,00 0,00 0,00 0,00 1,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 252 0,00 0,00 0,00 111 0 0 0,00 35 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,09 0,00 0,00 0,00 1,52 1,52 1,02 0,00 0,00 0,00 0,00 0,00 0,00 2,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,03 0,00 6,60 3,05 0,00 0,00 0,00 2,54 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 5,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,03 1,02 0,00 0,00 0,00 0,00 0,00 0,00 9,64 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,52 0,00 0,00 0,51 0,00 16,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,00 0,00 1,02 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 1,02 2,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,60 5,08 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,52 0,00 0,00 0,51 0,00 1,02 0,00 0,00 4,57 0,00 0,00 0,00 0,00 0,00 2,03 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 0,00 100 69,37 284 30,63 24,65 5,99 29 0 2 1,02 7 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,05 0,00 0,00 0,00 0,00 4,58 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 3,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,63 3,05 9,92 13,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,76 14,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 2,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 3,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,11 0,00 0,00 0,00 6,11 0,00 0,00 0,00 2,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,29 0,00 0,00 2,29 100 49,06 400 267 50,94 36,33 14,61 0 0 0 0,00 0 0
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>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 9,44 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,56 0,56 0,00 0,00 1,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 1,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,78 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 15,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 22,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,56 0,56 0,00 0,00 0,56 1,11 0,00 0,00 0,00 0,00 0,56 5,00 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,89 3,89 1,11 0,56 1,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,11 0,00 0,00 0,56 0,00 100 67,67 266 32,33 32,33 0,00 25 0 0 0,00 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,77 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,77 11,50 14,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,77 0,88 1,77 0,00 0,00 0,00 0,00 4,42 0,00 0,00 0,88 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 19,47 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 4,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,77 0,88 0,00 0,00 2,65 5,31 0,00 0,00 1,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,65 0,00 1,77 0,00 100 38,57 400 293 61,43 58,70 2,73 0 0 0 0,00 0 0
RBS-T 418 MISSING
RBS-S 388 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,00 0,00 0,49 0,00 0,00 0,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 51,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,92 0,00 1,47 0,49 8,82 0,00 5,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 204 0,00 0,00 0,00 35 12 3 1,47 17 11
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,84 0,00 0,00 0,00 1,27 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,42 0,00 0,00 1,27 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 1,27 0,42 0,84 0,00 0,00 0,00 0,00 0,00 3,80 0,00 0,42 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,27 0,42 0,00 0,00 0,00 0,00 0,42 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,84 0,42 45,99 2,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,27 0,00 0,42 1,69 0,00 2,53 0,00 1,27 2,95 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 99,16 239 0,84 0,84 0,00 228 8 8 3,38 31 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,59 0,00 0,00 0,00 2,10 2,80 1,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 2,80 8,39 10,49 0,00 0,00 0,00 0,70 0,00 0,00 0,00 2,10 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,00 0,00 1,40 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,70 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 1,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 20,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 2,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,00 0,00 0,00 0,70 5,59 2,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 1,40 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 52,38 273 47,62 46,52 1,10 39 0 0 0,00 2 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,47 0,00 0,00 4,41 2,94 0,00 0,00 1,47 0,00 1,47 0,00 0,00 0,00 0,00 0,00 0,00 2,94 17,65 19,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,47 1,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,47 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 1,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,41 0,00 0,00 0,00 4,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,35 0,00 0,00 0,00 100 25,19 400 270 74,81 62,96 11,85 0 0 0 0,00 0 0
RBS-R 365 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,60 1,92 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 45,98 2,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 29,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,30 1,15 0,38 0,00 0,00 2,68 0,00 0,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 261 0,00 0,00 0,00 31 7 26 9,96 15 6
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,37 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,11 0,00 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,48 0,00 0,00 0,00 0,37 0,00 1,48 0,00 0,00 0,00 1,85 0,74 0,00 0,00 0,00 0,37 1,11 4,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,74 4,44 0,00 0,37 1,85 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,00 43,70 1,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,74 0,00 0,00 0,37 0,00 0,37 0,00 0,74 0,00 0,00 0,00 0,00 5,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,11 0,00 0,37 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,11 1,48 0,37 0,00 1,11 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 98,54 274 1,46 1,46 0,00 246 11 23 8,52 38 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,48 0,00 1,72 0,00 2,59 1,72 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 9,48 12,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,59 0,00 7,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,86 0,00 0,86 0,00 10,34 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 5,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,62 0,86 1,72 2,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,86 0,00 0,86 0,00 0,00 0,00 0,00 100 42,03 276 57,97 55,07 2,90 10 0 0 0,00 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,17 5,17 15,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 6,90 0,00 0,00 5,17 0,00 0,00 1,72 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 3,45 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,62 5,17 100 21,25 400 273 78,75 69,23 9,52 0 0 3 5,17 0 0
RBS-Q 305 >500μm 0,00 1,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,56 5,93 0,00 9,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,57 0,00 0,00 0,00 0,00 0,00 0,79 1,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 28,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,79 1,19 0,00 0,00 2,37 0,00 5,14 0,00 0,00 0,79 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 253 0,00 0,00 0,00 164 4 53 20,95 28 3
>250μm 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,74 0,00 2,82 0,00 2,35 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,88 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,94 0,00 0,00 0,00 0,47 0,00 1,88 0,00 0,94 0,00 0,94 0,94 0,00 0,00 0,00 0,00 0,00 1,88 0,00 0,00 0,00 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,35 0,00 0,00 0,00 4,69 1,41 0,00 8,45 0,00 0,47 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 29,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,41 0,00 0,00 0,00 0,00 2,82 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,47 0,47 0,00 0,94 0,00 0,00 2,35 0,47 0,47 0,00 0,00 0,00 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,76 0,00 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 84,52 252 15,48 15,48 0,00 375 6 44 20,66 41 1
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,30 0,00 6,96 0,00 3,48 2,61 2,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,70 3,48 0,00 0,00 0,00 0,87 0,87 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 2,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 8,70 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 5,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,48 0,00 0,00 0,00 0,00 0,00 3,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,96 0,00 0,87 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,74 0,00 1,74 0,00 0,00 0,00 100 39,52 291 60,48 58,42 2,06 38 1 1 0,87 1 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,54 0,00 0,00 0,00 3,85 5,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 3,85 17,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 1,92 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,62 1,92 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 1,92 0,00 100 19,33 400 269 80,67 73,23 7,43 0 0 0 0,00 0 0
RBS-P 275 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 1,93 0,00 1,16 0,00 0,00 0,00 0,00 0,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,04 3,86 0,00 12,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 40,93 0,00 0,39 0,00 0,77 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,09 1,93 0,39 0,00 2,32 0,00 0,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 259 0,00 0,00 0,00 159 22 76 29,34 58 7
>250μm 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,56 0,00 0,00 0,00 2,66 1,14 2,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 1,90 0,76 1,14 0,38 0,76 1,14 0,00 0,00 0,00 0,00 0,00 0,00 2,28 0,38 0,00 0,76 0,38 0,00 0,76 0,00 0,76 0,00 2,66 1,14 0,00 0,00 0,00 0,00 0,38 1,90 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 3,04 0,00 0,00 9,89 2,66 0,00 2,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 23,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 3,04 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,38 1,14 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,52 1,90 0,00 0,76 0,76 0,00 1,14 0,00 0,00 1,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,66 1,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,70 0,00 0,00 0,00 0,00 0,00 0,00 1,14 0,00 0,00 0,00 0,00 0,00 100 99,25 265 0,75 0,75 0,00 298 4 57 21,67 117 1
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,85 0,00 1,48 0,00 2,96 1,48 5,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 1,48 1,48 20,00 8,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,74 0,00 0,00 0,74 0,00 1,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 1,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,48 0,00 0,00 0,00 0,00 0,00 2,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 2,22 0,00 1,48 0,74 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 50,00 270 50,00 48,52 1,48 81 1 1 0,74 4 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 1,15 1,15 0,00 0,00 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,60 3,45 9,20 16,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,30 4,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,30 2,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 2,30 0,00 0,00 0,00 18,39 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,05 0,00 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,30 0,00 2,30 0,00 0,00 0,00 100 30,53 400 285 69,47 65,96 3,51 4 0 1 1,15 0 0
RBS-O 258 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 1,14 0,57 0,00 0,00 0,00 0,00 0,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,00 2,27 1,14 0,00 2,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 39,77 0,00 5,68 0,00 2,27 0,00 9,09 1,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,27 1,14 3,41 0,00 2,27 0,00 0,00 0,00 2,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 176 0,00 0,00 0,00 42 24 29 16,48 21 17
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>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 0,00 1,33 1,33 0,00 2,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 4,00 36,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 0,00 13,33 0,00 0,00 4,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,33 0,00 1,33 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 100 23,51 400 319 76,49 59,25 17,24 0 0 2 2,67 0 0
RBS-L 183 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 55,66 0,00 0,94 0,00 3,77 0,00 9,43 3,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 106 0,00 0,00 0,00 16 9 0 0,00 14 9
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,47 0,00 0,00 0,77 0,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,79 0,00 0,00 0,00 0,00 0,00 1,93 0,00 1,16 0,00 6,18 4,63 0,00 0,00 0,00 0,00 0,00 4,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,45 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,16 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,16 0,00 0,00 0,39 1,16 0,00 0,00 0,00 0,00 0,00 1,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,16 1,16 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 17,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 100 100,00 259 0,00 0,00 0,00 69 2 2 0,77 52 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,26 0,00 3,02 0,00 0,75 1,89 4,15 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 2,26 1,51 16,23 21,89 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 1,13 0,75 0,00 0,00 0,00 0,00 0,00 2,26 0,00 0,38 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,13 0,00 0,00 0,00 0,00 0,00 0,38 0,00 6,04 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,81 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,13 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,91 0,00 0,38 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 100 97,07 273 2,93 2,93 0,00 16 0 5 1,89 3 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,31 0,00 3,92 0,00 0,00 0,00 1,96 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 1,31 0,00 0,00 0,00 0,00 3,92 0,00 0,00 0,00 0,00 0,00 1,31 7,19 13,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,61 0,00 1,96 1,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,65 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 14,38 0,00 0,00 4,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 16,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,58 0,00 0,00 0,00 100 58,62 400 261 41,38 35,25 6,13 0 0 1 0,65 0 0
RBS-K 165 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 68,06 0,00 1,39 0,00 5,56 2,78 2,78 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 1,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 72 0,00 0,00 0,00 4 10 0 0,00 2 9
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,89 0,00 0,00 0,00 0,00 0,00 1,49 0,00 3,47 0,00 4,46 0,00 0,00 0,00 0,00 0,00 0,00 6,93 0,00 0,00 0,00 0,00 0,00 1,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,49 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,99 30,69 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,99 0,00 0,00 0,00 0,00 1,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,98 0,00 0,50 0,00 0,00 0,00 0,50 0,99 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 20,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 99,51 203 0,49 0,49 0,00 77 5 5 2,48 55 5
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,11 0,00 2,62 0,44 0,00 3,06 2,18 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,49 6,55 7,86 23,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,31 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,44 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,44 0,00 0,00 0,00 0,00 0,44 0,00 1,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 0,00 1,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,86 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,18 0,00 0,00 0,00 0,44 2,18 100 88,08 260 11,92 11,15 0,77 8 2 5 2,18 3 2
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,52 0,00 0,00 0,00 0,00 1,94 0,00 0,00 0,00 0,65 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,10 0,00 0,00 0,00 0,00 0,00 4,52 8,39 21,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,16 0,00 0,00 0,00 0,00 0,00 2,58 0,00 1,29 0,00 0,00 1,94 0,00 0,00 0,00 0,00 0,00 0,00 1,29 4,52 0,00 0,00 1,94 10,32 0,00 1,94 1,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,29 0,00 3,87 0,00 1,29 0,00 100 60,31 400 257 39,69 32,30 7,39 0 0 0 0,00 0 0
RBS-J 135 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 10 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,39 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 85,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 0,78 0,00 0,00 0,00 0,00 0,00 0,00 2,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 100 100,00 256 0,00 0,00 0,00 7 0 6 2,34 3 0
>150μm 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 1,50 0,00 2,26 9,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 41,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 100 97,44 273 2,56 1,83 0,73 2 1 5 1,88 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,41 0,00 0,00 0,00 0,00 1,24 0,00 0,83 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,07 0,00 5,79 41,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,41 0,00 0,00 0,00 5,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,53 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,83 0,00 2,48 0,00 0,00 4,96 100 92,02 400 263 7,98 4,56 3,42 0 0 1 0,41 0 0
RBS-I 115 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,63 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 44,74 0,00 0,00 5,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 38 0,00 0,00 0,00 3 10 2 5,26 1 10
>250μm 0,00 0,00 0,41 2,44 0,00 0,81 0,00 0,00 0,00 0,00 0,00 1,63 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 1,22 0,41 1,63 1,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,85 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 3,66 1,22 0,00 0,00 0,00 0,00 0,00 6,91 0,00 0,00 0,00 0,00 1,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 5,69 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 51,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,22 0,81 0,00 0,41 0,00 0,00 0,00 0,00 2,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 246 0,00 0,00 0,00 87 0 24 9,76 45 0
>150μm 0,00 0,42 0,00 2,08 0,00 0,00 0,00 0,00 0,00 11,25 0,00 0,42 0,00 0,83 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 2,92 1,67 10,42 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,00 0,00 0,00 0,00 0,00 1,67 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,42 100 93,75 256 6,25 5,47 0,78 9 1 14 5,83 5 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 2,42 0,00 1,61 0,81 1,61 0,00 0,00 6,45 0,00 0,00 0,00 0,00 0,00 1,61 7,26 16,13 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 1,61 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,42 0,00 0,00 0,00 0,00 0,00 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,23 0,00 0,00 1,61 8,06 0,00 1,61 2,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 2,42 0,00 0,81 3,23 100 38,87 400 319 61,13 50,78 10,34 0 0 1 0,81 0 0
RBS-H 95 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 75,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 4 0,00 0,00 0,00 1 0 0 0,00
>250μm 0,00 3,21 6,07 10,36 0,00 3,93 1,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,71 16,43 0,00 2,50 0,00 7,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,14 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,07 3,57 0,00 1,79 0,00 0,00 0,00 0,00 3,57 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 97,56 287 2,44 2,44 0,00 137 48,93
>150μm 0,00 0,00 2,68 2,68 0,00 0,00 0,00 0,00 0,00 0,89 0,45 0,00 0,00 0,89 1,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,68 1,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,39 0,00 0,00 0,89 1,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 36,16 0,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,89 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 2,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,34 0,00 3,13 0,00 0,00 0,00 0,00 1,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,34 0,45 0,00 0,00 0,00 0,00 0,00 100 91,06 246 8,94 4,47 4,47 4 2 51 22,77
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,03 2,06 0,00 1,55 0,52 0,52 1,03 0,00 0,52 0,00 0,00 0,00 1,03 0,00 0,00 0,52 0,00 0,00 0,00 0,00 0,00 0,00 1,03 3,09 6,70 18,56 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,03 6,70 0,00 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,55 0,00 1,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,15 0,00 0,00 0,00 0,00 0,00 4,12 1,03 0,00 0,00 1,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,55 0,00 0,00 0,00 3,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,09 0,00 12,89 0,00 3,09 1,03 100 69,04 400 281 30,96 9,25 21,71 8 0 3 1,55
RBS-G 78 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 63,64 9,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 11 0,00 0,00 0,00 0 0 0 0,00
>250μm 0,00 1,98 1,19 4,74 0,40 9,88 1,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 1,19 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,56 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 24,90 0,00 0,00 0,00 1,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,37 2,77 0,00 0,79 0,00 0,00 0,00 0,00 1,58 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 98,83 256 1,17 1,17 0,00 3 0 123 48,62
>150μm 0,00 3,53 0,00 2,75 0,00 1,18 0,78 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,78 5,10 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,35 13,73 0,00 0,00 0,00 1,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,75 0,00 0,00 0,78 1,18 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,18 0,00 0,39 0,00 0,00 0,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,35 0,00 0,00 0,39 0,00 0,00 0,00 0,00 5,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,57 0,39 0,00 0,00 0,00 0,00 100 88,85 287 11,15 4,53 6,62 4 0 67 26,27
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,53 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,06 1,53 2,04 4,59 42,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,06 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,08 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,00 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,55 2,55 0,51 0,00 0,00 3,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,51 3,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,57 0,00 0,51 0,00 1,02 1,53 100 74,81 400 262 25,19 6,49 18,70 0 0 1 0,51
RBS-F 60 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 84,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 3,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 64 0,00 0,00 0,00 0 1 0 0,00
>250μm 0,00 2,65 3,54 6,64 0,00 5,31 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,88 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 12,39 0,00 0,00 0,00 3,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 39,38 3,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 3,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,77 3,10 0,00 0,00 0,00 0,00 0,00 0,00 3,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 85,61 264 14,39 10,98 3,41 10 0 94 41,59
>150μm 0,00 0,00 0,00 2,24 0,00 0,00 0,00 0,00 0,00 2,24 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,49 0,00 2,99 2,24 2,24 0,00 0,00 0,00 0,00 0,00 0,00 2,24 0,00 0,00 0,00 0,00 0,00 1,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,24 0,00 0,00 0,00 16,42 0,00 0,00 0,00 2,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 33,58 2,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,99 0,00 0,00 0,75 1,49 0,00 0,00 0,00 0,00 0,00 2,99 0,75 0,00 0,75 0,00 0,00 0,00 8,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 2,24 0,75 0,00 0,00 0,00 0,00 0,00 0,75 0,00 1,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 50,19 267 49,81 25,09 24,72 0 0 44 32,84
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,78 0,00 0,00 0,00 5,08 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,56 15,25 5,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,03 1,69 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 5,08 0,00 0,00 0,00 0,00 1,69 0,00 1,69 0,00 1,69 0,00 1,69 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 100 23,51 400 251 76,49 13,15 63,35 0 0 8 13,56
RBS-E 50 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 1 0,00 0,00 0,00 0 0 0 0,00
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 100 30,77 39 69,23 48,72 20,51 7 5 1 8,33
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 3,85 3,85 0,00 0,00 0,00 3,85 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,69 11,54 0,00 11,54 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 11,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 10,88 239 89,12 35,98 53,14 2 0 1 3,85 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 11,11 18,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 29,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 3,70 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 10,00 400 270 90,00 26,67 63,33 0 0 2 7,41 0 0
RBS-B 12 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 66,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 3 0,00 0,00 0,00 3 0 0 0,00
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 1,40 0,00 0,00 0,00 1,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 1,40 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,70 0,00 0,00 0,70 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 1,40 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 60,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,70 0,00 0,00 0,00 10,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,00 0,00 0,00 0,00 2,10 1,40 0,00 0,00 0,00 0,00 0,00 0,00 2,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,00 0,00 0,70 0,00 100 66,20 216 33,80 27,31 6,48 44 19 25 17,48
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,52 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 2,38 0,00 0,00 0,00 2,38 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 0,00 4,76 9,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 0,00 2,38 0,00 0,00 0,00 23,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 100 16,67 252 83,33 40,08 43,25 1 0 14 33,33 0 0
Danian >63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,14 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 7,14 14,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 38,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 2,38 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 100 12,84 400 327 87,16 26,91 60,24 0 0 1 2,38 0 0
Maastrichtian RBS-A 0 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 88,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 97,30 37 2,70 2,70 0,00 0 0 1 2,78
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 4,00 1,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,60 4,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 3,20 0,00 0,00 0,00 0,80 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,60 0,00 0,00 0,00 13,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,20 1,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,60 0,00 0,00 0,80 0,00 0,00 0,80 12,00 0,00 4,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 49,02 255 50,98 38,82 12,16 14 2 54 43,20
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 2,04 0,00 0,00 4,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 6,12 0,00 4,08 0,00 6,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,53 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,08 12,24 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 18,28 268 81,72 44,78 36,94 11 0 25 51,02
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 6,25 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,75 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 100 5,93 400 270 94,07 20,74 73,33 0 0 1 6,25
RBS-C -15 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 98,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 50 0,00 0,00 0,00 0 0 1 2,00
>250μm 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 3,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,76 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 56,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,75 0,75 0,00 0,00 0,00 0,00 2,26 0,75 0,00 3,01 0,00 0,00 0,00 11,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 2,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,75 0,00 3,76 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 53,20 250 46,80 34,80 12,00 49 3 41 30,83
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 3,92 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 1,96 7,84 0,00 0,00 0,00 0,00 9,80 0,00 0,00 0,00 0,00 0,00 0,00 23,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 17,83 286 82,17 25,87 56,29 10 0 19 37,25
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,52 0,00 4,35 30,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,87 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,35 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,35 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 16,49 400 279 83,51 16,49 67,03 0 0 2 4,35
RBS-D -68 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 91,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 49 0,00 0,00 0,00 0 1 0 0,00
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,67 13,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,90 0,00 0,00 0,00 0,00 0,95 0,00 0,00 0,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 43,81 5,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,95 0,00 0,00 0,00 18,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,95 0,00 1,90 0,95 0,00 0,00 0,00 0,00 1,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 38,89 270 61,11 48,15 12,96 36 4 49 46,67
>150μm 0,00 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,44 0,00 0,00 4,44 8,89 0,00 0,00 0,00 0,00 4,44 0,00 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 0,00 4,44 0,00 0,00 0,00 22,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 2,22 0,00 4,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 16,61 271 83,39 53,14 30,26 5 0 26 57,78
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 1,96 1,96 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,92 0,00 9,80 11,76 0,00 0,00 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 17,65 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 7,84 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 19,25 400 265 80,75 20,75 60,00 0 0 5 9,80
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BRAZOS-1 Y 250 >500μm 1 1 1 1 2 1 26 2 1 3 2 3 6 7 1 4 11 73 73 0 0 0 12 1 2/71 10 1
>250μm 4 2 1 1 1 2 3 4 5 2 7 2 2 5 226 3 1 1 1 1 1 1 3 14 2 2 2 5 10 314 314 0 0 0 72 3 0/304 46 0
>150μm 20 7 3 4 1 1 2 18 22 1 1 27 4 4 1 6 113 3 1 2 3 31 1 3 5 6 2 2 1 295 307 12 12 0 2 0 0/295 0 0
>63μm 8 3 2 45 4 7 2 10 3 116 1 7 4 2 9 4 36 4 5 9 3 3 5 3 295 977 343 48 47 1 0 0 0 0
BRAZOS-1 X 240 >500μm 1 10 1 1 2 37 52 52 0 0 0 3 1 0/52 2 1
>250μm 3 1 2 1 2 10 2 1 1 247 8 2 2 3 12 2 13 1 313 313 0 0 0 6 6 1/312 0 0
>150μm 11 3 8 3 4 10 33 1 1 43 4 2 3 121 5 1 1 3 21 1 1 7 9 2 11 2 2 313 316 3 3 0 0 0 3/310 0 0
>63μm 18 2 7 8 3 10 2 3 2 2 3 18 33 76 6 22 8 1 1 3 9 47 1 2 3 2 22 314 992 336 22 22 0 0 0 0/314 0 0
BRAZOS-1 W 230 >500μm 16 2 1 1 6 26 26 0 0 0 1 0 0/26 0 0
>250μm 1 1 1 1 1 5 1 2 5 1 247 4 6 13 9 2 7 1 308 308 0 0 0 0 0 1/311 0 0
>150μm 21 2 4 7 2 6 14 48 2 1 2 108 6 1 2 1 7 53 3 3 6 3 302 307 5 5 0 1 0 0/302 0 0
>63μm 17 4 3 15 2 2 1 2 2 6 23 71 3 4 29 1 12 1 2 1 1 5 1 97 1 15 2 23 346 982 395 49 46 3 0 0 3/345 0 0
BRAZOS-1 V 220 >500μm 35 6 41 41 0 0 0 1 0 0/41 0 0
>250μm 1 2 2 1 1 280 3 1 19 8 4 322 322 0 0 0 0 0 0/322 0 0
>150μm 16 2 1 5 18 78 2 2 157 10 1 32 4 7 6 1 12 1 355 355 0 0 0 0 0 0/355 0 0
>63μm 21 4 7 1 1 3 15 14 83 1 1 1 7 4 46 1 15 2 2 7 5 1 95 3 1 3 1 15 360 1078 362 2 1 1 0 0 0/360 0 0
BRAZOS-1 U 210 >500μm 3 1 3 1 2 10 10 0 0 0 0 1 0/10 0 0
>250μm 1 6 2 1 3 3 216 19 1 32 9 2 15 1 311 312 1 1 0 1 0 3/302 0 0
>150μm 11 4 1 3 1 16 70 1 1 6 3 124 4 2 2 44 3 10 12 9 1 1 3 1 333 334 1 1 0 0 0 3/330 0 0
>63μm 19 5 11 4 1 1 2 19 12 50 5 1 18 12 1 8 17 3 2 2 77 2 1 3 8 4 3 18 309 1078 313 4 1 3 0 0 0/302 0 0
BRAZOS-1 T 200 >500μm 1 10 1 1 2 15 15 0 0 0 5 0 0/15 3 0
>250μm 6 1 1 2 197 7 22 8 4 17 1 266 266 0 0 0 1 0 0/266 1 0
>150μm 14 2 6 4 4 2 1 9 67 5 2 3 127 11 2 66 1 2 8 2 7 6 351 355 4 3 1 0 0 0/349 0 0
>63μm 25 5 6 14 3 3 1 2 13 12 39 16 1 9 1 12 3 12 4 23 2 1 61 5 2 4 2 2 20 303 935 316 13 13 0 0 0 1/301 0 0
BRAZOS-1 S 190 >500μm 7 7 7 0 0 0 0 0 0/7 0 0
>250μm 1 2 1 1 8 1 9 230 12 1 1 10 9 3 6 1 296 296 0 0 0 2 0 12/284 0 0
>150μm 6 2 1 10 1 59 1 4 144 11 1 73 1 3 2 4 1 324 324 0 0 0 0 0 0/324 0 0
>63μm 32 11 3 8 4 30 9 1 18 2 13 2 1 2 11 4 3 18 1 2 2 172 4 5 3 3 4 13 381 1008 384 3 0 3 0 1 0/381 0 0
BRAZOS-1 R 180 >500μm 5 1 6 6 0 0 0 0 0 0/6 0 0
>250μm 2 2 10 3 3 242 4 1 9 10 2 15 303 303 0 0 0 1 0 3/300 0 0
>150μm 10 1 1 1 2 4 1 60 1 6 168 2 1 43 3 7 1 5 2 319 319 0 0 0 0 0 0/318 0 0
>63μm 2 25 3 3 1 1 3 18 51 21 1 42 15 3 7 1 143 4 2 346 974 352 6 0 6 0 0 0/346 0 0
BRAZOS-1 Q 170 >500μm 2 2 2 0 0 0 1 0 0/2 0 0
>250μm 1 1 1 3 22 6 1 1 219 14 1 14 11 3 23 3 324 324 0 0 0 1 0 11/313 0 0
>150μm 4 4 5 84 5 6 108 8 49 2 7 2 14 5 2 305 306 1 1 0 0 0 6/297 0 0
>63μm 13 2 8 3 3 1 1 1 9 9 18 1 16 1 1 45 2 9 1 1 14 2 4 16 5 81 2 10 5 3 1 288 919 297 9 2 7 0 0 0/294 0 0
BRAZOS-1 P 160 >500μm 4 1 5 5 0 0 0 0 1 0/5 0 0
>250μm 1 1 1 2 12 1 1 1 4 7 264 4 1 2 1 1 9 3 1 7 324 324 0 0 0 2 0 6/318 0 0
>150μm 9 1 3 1 13 80 4 3 124 2 2 1 71 7 1 2 8 3 335 335 0 0 0 0 0 3/333 0 0
>63μm 26 3 3 6 13 3 6 28 1 1 1 19 1 1 16 25 1 1 2 11 4 15 5 4 1 90 4 1 1 4 2 1 7 307 971 312 5 2 3 0 1 2/304 0 0
BRAZOS-1 O 150 >500μm 1 1 1 0 0 0 1 0 1/0 0 0
>250μm 3 1 1 15 1 8 2 236 8 1 1 4 2 6 14 3 306 306 0 0 0 3 1 28/278 0 0
>150μm 3 1 1 1 1 2 98 1 1 122 4 52 3 3 2 4 16 2 1 318 318 0 0 0 0 2 17/302 0 0
>63μm 21 5 2 1 1 5 46 2 1 1 23 1 1 2 27 20 20 3 14 9 1 104 4 1 2 317 942 342 25 11 14 0 1 3/314 0 0
BRAZOS-1 N 140 >500μm 4 4 4 0 0 0 0 0 0/4 0 0
>250μm 1 1 1 1 1 35 1 12 2 1 5 302 20 3 1 11 4 18 18 4 442 442 0 0 0 2 0 38/371 0 0
>150μm 1 2 2 1 1 107 1 1 141 5 2 1 36 3 11 2 7 10 2 1 337 337 0 0 0 0 1 14/327 0 0
>63μm 28 4 8 9 1 1 1 2 1 3 8 6 27 1 22 1 2 24 2 4 1 3 6 12 2 20 12 1 85 6 8 2 3 2 6 324 1107 361 37 9 28 0 2 7/341 0 0
BRAZOS-1 M 130 >500μm 4 4 4 0 0 0 1 0 0/4 0 0
>250μm 10 13 22 2 2 1 1 1 23 3 48 1 100 5 4 3 4 60 5 308 308 0 0 0 6 0 159/149 0 0
>150μm 3 78 2 2 6 1 90 2 1 2 16 5 1 3 2 4 82 10 2 312 318 6 3 3 0 6 102/211 0 0
>63μm 20 5 12 7 1 1 1 1 2 1 10 6 39 3 1 14 8 1 17 1 2 6 29 10 1 43 4 3 5 2 4 5 265 889 318 53 19 34 0 0 5/268 0 0
BRAZOS-1 L 115 >500μm 2 2 2 0 0 0 0 0 0/2 0 0
>250μm 15 16 28 3 1 1 1 49 2 67 6 2 93 1 1 4 1 12 9 1 6 22 5 346 346 0 0 0 1 0 164/182 0 0
>150μm 3 1 3 1 1 67 3 1 1 7 3 3 1 84 2 1 2 1 12 4 4 6 22 3 5 1 242 315 73 29 44 0 0 0 0
>63μm 9 2 7 1 1 1 3 2 15 2 7 2 4 1 6 8 3 1 9 1 24 2 3 5 1 4 2 1 5 132 722 311 179 40 139 0 1 0/132 0 0
BRAZOS-1 K 100 >500μm 0 0 0 0 0 0 0 0/0 0 0
>250μm 12 6 14 1 41 1 1 7 36 57 1 3 1 3 2 3 2 4 2 1 1 199 204 5 5 0 5 0 83/118 0 0
>150μm 2 6 2 4 2 1 1 2 10 2 87 7 1 3 8 2 93 3 3 6 1 6 7 2 1 10 2 7 1 1 2 285 354 69 37 32 0 5 14/186 0 0
>63μm 15 8 3 1 1 1 2 3 36 15 1 3 1 19 19 1 7 9 1 5 9 1 7 14 1 3 186 670 307 121 37 84 0 1 6/179 0 0
BRAZOS-1 J 90 >500μm 1 3 4 4 0 0 0 0 0 1/3 0 0
>250μm 14 23 20 7 3 14 1 2 1 112 1 1 6 33 3 1 97 2 1 1 1 5 3 3 2 1 358 360 2 2 0 6 0 110/240 0 0
>150μm 6 1 4 3 1 1 1 3 2 14 1 1 5 2 1 76 6 1 1 5 14 1 81 4 1 1 3 1 3 4 2 2 1 3 3 27 1 1 3 2 4 3 300 316 16 15 1 1 1 34/263 0 0
>63μm 14 2 1 1 1 4 6 63 2 2 14 1 1 12 1 10 2 12 13 17 3 13 2 1 2 200 862 297 97 16 81 0 0 3/197 0 0
BRAZOS-1 I 80 >500μm 1 1 1 0 0 0 0 0 0/1 0 0
>250μm 1 11 15 3 2 35 2 3 14 2 44 4 136 137 1 1 0 4 0 46/136 0 0
>150μm 7 1 2 11 1 4 2 1 1 144 1 1 9 1 6 3 114 5 1 1 2 2 2 1 1 1 1 2 3 10 1 1 343 353 10 5 5 0 0 10/361 0 0
>63μm 8 6 2 3 8 71 1 1 1 38 1 1 2 1 7 2 23 1 1 5 4 2 4 13 2 23 2 2 1 1 4 2 3 1 3 250 730 305 55 11 44 0 0 10/276 0 0
BRAZOS-1 H 70 >500μm 1 1 1 0 0 0 0 0 0/1 0 0
>250μm 3 3 29 2 1 1 3 12 3 21 1 32 2 1 1 1 7 2 125 125 0 0 0 0 0 64/62 0 0
>150μm 5 2 6 3 2 1 9 4 3 103 6 2 1 5 20 6 1 141 5 2 1 1 3 2 2 15 351 362 11 0 11 0 0 36/351 0 0
>63μm 36 3 15 1 1 46 1 1 48 4 1 14 11 3 6 7 22 1 3 1 3 2 3 4 237 714 297 60 14 46 0 0 0/238 0 0
BRAZOS-1 G 60 >500μm 0 0 0 0 0 0 0 0/0 0 0
>250μm 5 16 27 2 2 1 41 3 2 6 1 2 108 108 0 0 0 0 0 92/16 0 0
>150μm 2 6 16 8 2 2 9 1 102 2 2 4 33 1 78 1 3 2 15 289 327 38 16 22 0 0 42/247 0 0
>63μm 1 2 12 7 6 8 110 2 16 2 1 27 3 11 1 3 8 1 26 2 9 3 4 6 6 2 279 676 331 52 15 37 0 0 0 0
BRAZOS-1 F 58-60 >500μm 2 4 1 1 8 8 0 0 0 0 0 6/2 0 0
>250μm 22 19 46 5 1 1 1 1 10 102 14 1 77 1 1 2 11 1 2 318 319 1 1 0 1 0 220/98 0 0
>150μm 21 6 1 1 8 1 1 7 1 36 6 1 5 27 6 6 140 4 1 1 1 1 3 2 3 2 14 1 307 310 3 1 2 0 0 60/248 0 0
>63μm 2 23 7 4 2 3 2 8 9 12 29 4 1 5 20 1 2 37 3 8 3 16 1 4 5 19 2 20 3 1 7 3 1 2 4 2 275 908 450 175 33 142 2 0 17/ 0 0
BRAZOS-1 E 50 >500μm 3 3 3 0 0 0 0 0 3/0 0 0
>250μm 1 32 47 45 8 2 4 144 7 16 1 1 2 12 322 322 0 0 0 0 0 299/32 0 0
>150μm 3 5 33 1 1 1 2 7 101 4 9 49 17 3 124 8 1 3 1 2 2 3 12 2 394 401 7 5 2 0 0 116/227 0 0
>63μm 23 6 6 12 1 2 1 1 3 12 9 46 1 1 13 2 1 14 3 5 3 16 1 6 2 2 5 3 1 2 3 3 6 1 1 217 936 302 85 13 72 0 0 14/206 0 0
BRAZOS-1 D 21-28 >500μm 3 1 1 5 5 15 15 0 0 0 0 0 4/11 0 0
>250μm 4 16 33 59 3 1 2 1 3 3 97 21 3 61 1 2 7 317 319 2 2 0 1 0 236/81 0 0
>150μm 11 9 37 4 8 1 6 2 3 54 1 1 4 1 6 2 1 12 71 21 1 110 6 1 3 2 1 2 4 2 14 13 414 436 22 9 13 0 0 186/229 0 0
>63μm 12 5 2 2 1 1 1 1 1 4 6 16 1 1 1 1 1 3 27 2 6 10 8 22 2 1 2 3 3 9 2 2 7 2 1 2 171 917 276 105 15 90 0 0 29/123 0 0
BRAZOS-1 C 16-20 >500μm 3 9 2 4 2 20 20 0 0 0 0 0 14/6 0 0
>250μm 1 8 25 33 81 14 1 1 1 2 3 1 5 70 14 46 1 3 3 313 313 0 0 0 0 0 263/63 0 0
>150μm 5 9 30 4 5 7 2 3 1 3 2 45 1 2 10 1 15 2 2 6 81 3 1 13 107 4 1 2 2 3 3 10 6 391 399 8 2 6 0 0 146/228 0 0
>63μm 11 6 3 3 1 1 15 1 3 6 75 7 2 1 1 1 12 8 21 1 6 9 2 1 2 1 2 2 16 6 6 4 5 2 7 250 974 371 121 16 105 1 0 69/183 0 0
BRAZOS-1 B 10-15 >500μm 1 6 1 1 9 9 0 0 0 0 0 1/8 0 0
>250μm 7 8 16 15 2 69 4 2 4 3 82 3 1 56 6 278 283 5 2 3 0 0 211/67 0 0
>150μm 6 9 17 7 12 2 1 2 1 1 3 11 6 3 7 1 4 11 1 1 5 6 192 2 14 2 75 2 1 4 5 1 1 3 7 2 2 4 434 536 102 28 74 5 3 284/136 0 0
>63μm 2 5 8 7 4 4 2 4 6 19 2 4 4 27 2 2 2 3 5 4 1 3 1 1 1 6 12 7 5 7 16 3 3 3 1 17 2 6 211 932 372 161 35 126 0 0 15/193 0 0
BRAZOS-1 A 5-10 >500μm 4 1 2 7 7 0 0 0 0 0 5/2 0 0
>250μm 12 19 21 2 6 71 5 19 1 1 1 158 164 6 4 2 0 0 136/22 0 0
>150μm 3 6 9 5 8 2 1 2 2 1 1 3 5 4 5 2 9 1 2 1 3 1 2 1 12 62 2 8 30 2 2 1 1 1 1 1 2 1 1 2 6 5 2 1 2 1 1 7 233 472 239 93 146 8 1 165/71 0 0
Danian >63μm 2 2 8 2 2 1 1 1 1 2 3 2 1 3 11 6 5 2 2 1 1 1 1 1 2 9 1 5 3 1 1 1 3 1 3 2 2 1 3 8 7 1 3 1 2 7 3 6 1 9 148 546 325 177 32 145 1 1 20/128 0 0
TOTAL 2 7 2 60 233 415 2 533 86 4 635 45 207 171 64 0 1 1 1 20 2 93 6 47 1 7 16 13 2 1 18 1 4 1 3 1 0 3 17 37 203 269 1538 19 19 4 36 1 0 30 1 1 1 8 1 88 1 13 1 2 1 0 2 2 1 11 1 8 1 2 2 2373 2 0 1 0 2 2 7 1 1 3 1 1 4 166 34 5 1 9 571 10 0 145 1515 6 21 189 0 2 1 1 60 6891 234 3 5 2 4 3 1 14 8 1 0 1 2 1 1 2 6 1 1 3 13 0 8 1 11 1 0 1 47 46 192 7 17 2 20 293 14 2 3 6 2 1 4 1 27 5 17 228 52 18 3 1 6 1780 39 3 129 39 0 1 2 11 252 231 5 69 4 2 448 3 0 1 6 110 1 0 1 11 1 249 9 2 7 46 0 22 1 8 50 35 22 4 4 60 4 15 0 60 181 0 22324 22439 24641 0 2317 736 1581 0 0 161 41
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BRAZOS-1 Y 250 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,37 0,00 0,00 1,37 0,00 1,37 0,00 0,00 0,00 1,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,74 0,00 1,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,62 2,74 1,37 4,11 2,74 4,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,59 0,00 1,37 0,00 0,00 0,00 5,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 12 1 2,74 2 10 1
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,27 0,00 0,64 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,96 0,00 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 0,00 0,64 0,00 0,00 0,00 2,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 71,97 0,96 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,46 0,64 0,00 0,64 0,64 0,00 1,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 72 3 0,00 0 46 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,78 0,00 2,37 1,02 1,36 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,68 6,10 7,46 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 9,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,36 1,36 0,00 0,00 0,34 2,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 38,31 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,68 0,00 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,51 0,00 0,34 0,00 0,00 0,00 0,00 0,00 1,02 1,69 0,00 0,00 0,00 0,00 2,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,68 0,68 0,00 0,00 0,00 0,00 0,00 0,00 0,34 100,00 96,09 3,91 3,91 0,00 2 0 0,00 0 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,71 0,00 1,02 0,00 0,68 0,00 0,00 0,00 0,00 0,00 15,25 0,00 1,36 0,00 0,00 2,37 0,00 0,00 0,00 0,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 1,02 39,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 2,37 0,00 1,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,05 0,00 0,00 0,00 0,00 1,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,20 0,00 0,00 1,36 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 1,02 0,00 0,00 0,00 0,00 0,00 1,69 1,02 100,00 86,01 13,99 13,70 0,29 0 0 0,00 0 0 0
BRAZOS-1 X 240 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,23 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 71,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 3 1 0,00 0 2 1
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,19 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,32 78,91 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,83 0,64 0,00 0,00 0,00 0,00 4,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 6 6 0,32 1 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,51 0,00 0,96 2,56 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,28 3,19 10,54 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,28 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 38,66 1,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,71 0,32 0,00 0,32 0,00 0,00 0,00 0,00 2,24 2,88 0,00 0,64 0,00 0,00 3,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 100,00 99,05 0,95 0,95 0,00 0 0 0,96 3 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,73 0,64 2,23 2,55 0,96 0,00 0,00 0,00 0,00 0,00 3,18 0,64 0,96 0,00 0,00 0,64 0,64 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,73 10,51 24,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,55 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,00 0,00 2,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,97 0,00 0,32 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,01 100,00 93,45 6,55 6,55 0,00 0 0 0,00 0 0 0
BRAZOS-1 W 230 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 61,54 7,69 3,85 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 23,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 1,62 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 1,62 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 80,19 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,22 2,92 0,00 0,65 0,00 0,00 2,27 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,95 0,66 1,32 2,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,66 1,99 4,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,66 0,33 0,00 0,00 0,00 0,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,76 1,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,66 0,33 0,00 0,00 0,00 0,00 2,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 17,55 0,00 0,00 0,99 0,00 0,00 0,00 0,00 0,00 0,99 0,00 0,00 0,00 0,00 1,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 98,37 1,63 1,63 0,00 1 0 0,33 1 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,91 0,00 1,16 0,87 0,00 0,00 0,00 0,00 0,00 0,00 4,34 0,58 0,58 0,00 0,00 0,00 0,29 0,00 0,00 0,58 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 1,73 6,65 20,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,16 0,00 0,00 0,00 0,00 8,38 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,58 0,00 0,29 0,29 0,00 1,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 28,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 4,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 6,65 100,00 87,59 12,41 11,65 0,76 0 0 0,00 0 0 0
BRAZOS-1 V 220 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 85,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 7,32 3 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 86,96 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,90 2,48 0,00 0,00 0,00 0,00 1,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,51 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 1,41 5,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 44,23 2,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,01 0,00 0,00 1,13 0,00 0,00 0,00 0,00 1,97 1,69 0,00 0,28 0,00 0,00 3,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,83 0,00 1,11 1,94 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,83 4,17 3,89 23,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 1,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,11 0,00 0,00 0,00 0,00 12,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 4,17 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,94 0,00 0,00 0,00 0,00 1,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 26,39 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,00 0,28 0,00 0,00 0,00 4,17 100,00 99,45 0,55 0,28 0,28 0 0 0,00 0 0 0
BRAZOS-1 U 210 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,00 10,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,00 10,00 20,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 1 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,96 69,45 6,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,29 2,89 0,64 0,00 0,00 0,00 4,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 99,68 0,32 0,32 0,00 1 0 0,96 3 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,30 0,00 1,20 0,30 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 4,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,30 0,00 0,00 0,00 1,80 0,00 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,24 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,60 0,00 0,00 0,00 0,00 0,00 0,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,21 0,00 0,00 0,90 0,00 0,00 0,00 0,00 3,00 3,60 0,00 0,00 0,00 0,00 2,70 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,90 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 99,70 0,30 0,30 0,00 0 0 0,90 3 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,15 0,00 1,62 3,56 1,29 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 6,15 3,88 16,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 5,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 2,59 0,00 0,00 0,00 0,00 5,50 0,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,65 24,92 0,65 0,00 0,32 0,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,29 0,00 0,97 0,00 0,00 0,00 0,00 0,00 0,00 5,83 100,00 98,72 1,28 0,32 0,96 0 0 0,00 0 0 0
BRAZOS-1 T 200 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 66,67 0,00 6,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 5 0 0,00 0 3 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 74,06 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,27 3,01 0,00 1,50 0,00 0,00 6,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 0,00 0 1 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,99 0,57 1,71 1,14 1,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,28 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,42 0,57 0,00 0,00 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 36,18 3,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,80 0,00 0,00 0,28 0,57 0,00 0,00 0,00 2,28 0,57 0,00 0,00 0,00 0,00 1,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 98,87 1,13 0,85 0,28 0 0 0,00 0 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,25 1,65 1,98 4,62 0,99 0,00 0,00 0,00 0,00 0,00 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,66 4,29 3,96 12,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 2,97 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,99 3,96 0,00 0,00 0,00 1,32 7,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,66 0,33 0,00 0,00 0,00 0,00 20,13 0,00 0,00 1,65 0,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,66 0,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,60 100,00 95,89 4,11 4,11 0,00 0 0 0,33 1 0 0
BRAZOS-1 S 190 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,68 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 77,70 4,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,38 3,04 0,00 1,01 0,00 0,00 2,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 2 0 0,34 1 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 3,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 44,44 3,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 22,53 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,93 0,00 0,62 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,40 0,00 0,00 2,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 2,10 1,05 7,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,26 0,00 0,00 0,00 0,00 4,72 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,41 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,52 2,89 0,00 1,05 0,00 0,79 4,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,26 0,52 0,00 0,00 0,00 0,52 45,14 0,00 0,00 1,05 1,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 1,05 0,00 0,00 0,00 0,00 0,00 0,00 3,41 100,00 99,22 0,78 0,00 0,78 0 1 0,00 0 0 0
BRAZOS-1 R 180 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 83,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,99 79,87 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,97 3,30 0,00 0,66 0,00 0,00 4,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 0,99 3 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,13 0,00 0,31 0,31 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 1,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 52,66 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,48 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 2,19 0,00 0,31 0,00 0,00 1,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 7,23 0,00 0,87 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 5,20 14,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 12,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 2,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 41,33 0,00 0,00 1,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 100,00 98,30 1,70 0,00 1,70 0 0 0,00 0 0 0
BRAZOS-1 Q 170 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 0,00 0,00 0,31 0,00 0,00 0,00 0,31 67,59 4,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,32 3,40 0,00 0,93 0,00 0,00 7,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 3,40 11 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,31 1,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 27,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,64 0,00 0,00 1,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,41 2,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,07 0,00 0,00 0,66 0,00 0,00 0,00 0,00 0,00 2,30 0,00 0,66 0,00 0,00 4,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,64 0,00 0,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 99,67 0,33 0,33 0,00 0 0 1,97 6 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,51 0,00 0,69 2,78 1,04 0,00 0,00 0,00 0,00 0,00 1,04 0,35 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,13 3,13 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,35 0,00 0,00 15,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,69 3,13 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 4,86 0,00 0,69 0,00 1,39 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,74 0,00 0,00 0,00 0,00 0,00 28,13 0,00 0,00 0,69 3,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,04 0,00 0,00 0,35 0,00 0,00 0,00 0,00 100,00 96,97 3,03 0,67 2,36 0 0 0,00 0 0 0
BRAZOS-1 P 160 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 80,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 20,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 1 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,31 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,31 0,31 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 2,16 81,48 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,93 0,00 0,31 0,00 0,00 2,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 2 0 1,85 6 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,69 0,00 0,30 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 3,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 23,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,19 0,00 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,01 0,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,60 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,19 0,00 0,00 2,09 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,60 0,00 0,00 2,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,90 3 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,47 0,98 0,98 1,95 4,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 1,95 0,00 9,12 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,19 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 5,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,65 3,58 0,00 0,00 0,00 1,30 4,89 1,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,33 29,32 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,33 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 2,28 100,00 98,40 1,60 0,64 0,96 0 1 0,65 2 0 0
BRAZOS-1 O 150 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 100,00 1 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,61 0,00 0,00 0,00 0,00 0,00 0,00 0,65 77,12 2,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,31 0,00 0,65 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,58 0,00 0,00 0,00 0,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 3 1 9,15 28 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,31 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,31 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 38,36 1,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,35 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,63 0,00 0,00 1,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 2 5,35 17 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,62 0,00 1,58 0,00 0,63 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,58 14,51 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,26 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,63 0,00 0,00 0,00 8,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,31 0,00 0,95 0,00 0,00 4,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,84 0,32 0,00 0,00 0,00 0,00 32,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 100,00 92,69 7,31 3,22 4,09 0 1 0,95 3 0 0
BRAZOS-1 N 140 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,23 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,23 7,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,71 0,00 0,45 0,23 0,00 0,00 0,00 1,13 68,33 4,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,49 0,00 0,90 0,00 0,00 4,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,07 0,00 0,00 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 2 0 8,60 38 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 31,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,30 41,84 1,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 10,68 0,00 0,00 0,89 0,00 0,00 0,00 0,00 0,00 3,26 0,00 0,59 0,00 0,00 2,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,97 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 1 4,15 14 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,64 1,23 2,47 2,78 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,31 0,31 0,00 0,00 0,00 0,62 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,93 2,47 1,85 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,62 0,00 0,00 0,00 0,00 7,41 0,62 0,00 1,23 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 3,70 0,00 0,00 0,00 0,62 6,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,31 0,00 0,00 0,00 0,00 26,23 0,00 0,00 1,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,47 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,93 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 100,00 89,75 10,25 2,49 7,76 0 2 2,16 7 0 0
BRAZOS-1 M 130 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 3,25 4,22 0,00 7,14 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,32 0,32 0,00 0,00 0,00 7,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,58 0,00 0,00 0,32 0,00 0,00 0,00 0,00 32,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,97 0,00 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,48 0,00 0,00 0,00 1,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 6 0 51,62 159 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 1,92 0,32 0,00 0,00 0,00 0,00 28,85 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,13 1,60 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,64 0,00 0,00 1,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,28 0,00 0,00 0,00 3,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 100,00 98,11 1,89 0,94 0,94 0 6 32,69 102 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,55 0,00 1,89 4,53 2,64 0,00 0,00 0,00 0,38 0,00 0,00 0,38 0,38 0,00 0,00 0,00 0,00 0,00 0,38 0,75 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 3,77 2,26 14,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,13 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,02 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 2,26 0,00 0,00 0,00 0,00 10,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,77 0,00 0,00 0,38 0,00 0,00 16,23 0,00 0,00 1,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 1,51 0,00 0,00 0,00 1,89 100,00 83,33 16,67 5,97 10,69 0 0 1,89 5 0 0
BRAZOS-1 L 115 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 4,34 4,62 0,00 8,09 0,87 0,00 0,29 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,36 0,00 1,73 0,58 0,00 0,00 0,00 0,00 26,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,29 0,00 0,00 0,00 0,00 0,00 1,16 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,60 0,00 0,29 0,00 0,00 1,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,36 0,00 0,00 0,00 1,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 0 47,40 164 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,00 0,41 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 27,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,41 0,41 0,00 0,00 0,00 0,00 0,00 2,89 1,24 0,00 1,24 0,00 0,41 0,00 0,00 34,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,41 0,83 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,96 1,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,65 0,00 0,00 0,00 0,00 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 0,00 0,00 1,24 2,07 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 76,83 23,17 9,21 13,97 0 0 17,77 43 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,82 0,00 1,52 5,30 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,27 1,52 11,36 1,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,52 0,00 0,00 0,00 0,00 3,03 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 4,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,06 0,00 0,00 0,00 0,00 2,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 6,82 0,76 0,00 0,00 0,00 0,00 18,18 1,52 0,00 2,27 3,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 3,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,52 0,00 0,00 0,00 0,76 0,00 0,00 0,00 3,79 100,00 42,44 57,56 12,86 44,69 0 1 0,00 0 0 0
BRAZOS-1 K 100 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 6,03 3,02 0,00 7,04 0,00 0,00 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 20,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00 0,50 0,00 0,00 3,52 18,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 28,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00 0,00 0,00 1,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,51 0,00 1,01 0,00 0,00 1,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,01 2,01 0,00 1,01 0,00 0,00 0,00 0,50 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 97,55 2,45 2,45 0,00 5 0 41,71 83 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 2,11 0,00 0,70 1,40 0,70 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,70 3,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,46 0,35 0,00 0,00 0,00 0,00 0,00 1,05 2,81 0,00 0,00 0,00 0,00 0,00 0,00 0,70 32,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 1,05 0,00 0,00 0,00 0,00 2,11 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,11 0,00 0,00 2,46 0,70 0,00 0,00 0,35 0,00 3,51 0,00 0,70 0,00 0,00 2,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 100,00 80,51 19,49 10,45 9,04 0 5 4,91 14 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,06 0,00 4,30 0,00 1,61 0,00 0,00 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,54 0,00 0,00 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,08 0,00 1,61 19,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,06 0,00 0,00 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,54 10,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,76 0,00 0,00 0,00 0,00 4,84 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 2,69 0,00 0,00 4,84 0,54 0,00 0,00 0,00 0,00 3,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,54 0,00 0,00 0,00 1,61 100,00 60,59 39,41 12,05 27,36 0 1 3,23 6 0 0
BRAZOS-1 J 90 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 75,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 25,00 1 0 0
>250μm 0,00 0,00 0,00 0,00 3,91 6,42 0,00 5,59 1,96 0,00 0,84 0,00 3,91 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 31,28 0,28 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,68 9,22 0,00 0,00 0,84 0,00 0,00 0,00 0,28 27,09 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,84 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 100,00 99,44 0,56 0,56 0,00 6 0 30,73 110 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 0,33 1,33 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,67 4,67 0,00 0,33 0,00 0,00 0,33 1,67 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 0,00 0,00 0,00 0,33 0,00 0,33 1,67 4,67 0,00 0,33 0,00 0,00 0,00 0,00 0,00 27,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 1,00 0,33 1,00 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 1,00 0,00 1,00 0,00 0,00 9,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 1,00 0,00 0,67 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 100,00 94,94 5,06 4,75 0,32 1 1 11,33 34 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,00 0,00 0,00 1,00 0,00 0,00 0,00 0,00 0,00 0,50 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00 0,00 2,00 3,00 31,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 7,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,50 0,00 0,00 0,00 0,00 6,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00 0,00 5,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 6,00 0,00 0,00 0,00 0,00 6,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,50 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 0,50 0,00 0,00 0,00 1,00 100,00 67,34 32,66 5,39 27,27 0 0 1,50 3 0 0
BRAZOS-1 I 80 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 0,74 8,09 0,00 11,03 0,00 0,00 2,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,47 0,00 0,00 0,00 25,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,47 0,00 0,00 0,00 0,00 0,00 0,00 2,21 10,29 0,00 0,00 1,47 0,00 0,00 0,00 0,00 32,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 99,27 0,73 0,73 0,00 4 0 33,82 46 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,29 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,21 0,00 0,00 0,00 0,29 0,00 1,17 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 41,98 0,00 0,00 0,00 0,29 0,29 0,00 0,00 0,00 0,00 0,00 0,00 2,62 0,29 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 0,00 0,00 0,87 33,24 1,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,29 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,29 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,87 0,00 0,00 2,92 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 100,00 97,17 2,83 1,42 1,42 0 0 2,92 10 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,20 2,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,20 0,00 0,00 3,20 0,00 28,40 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 15,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,40 0,80 0,40 0,00 0,00 0,00 2,80 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 2,00 1,60 0,80 1,60 0,00 0,00 5,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 9,20 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 1,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 1,20 0,40 0,00 0,00 1,20 0,00 0,00 100,00 81,97 18,03 3,61 14,43 0 0 4,00 10 0 0
BRAZOS-1 H 70 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 2,40 2,40 0,00 23,20 1,60 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,40 16,80 0,00 0,00 0,00 0,00 0,00 0,00 0,80 25,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,60 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 5,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,60 0,00 100,00 100,00 0,00 0,00 0,00 0 0 51,20 64 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 1,42 0,00 0,00 0,00 0,00 0,57 0,00 1,71 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,28 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,14 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 29,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,71 0,57 0,28 0,00 0,00 0,00 0,00 1,42 5,70 0,00 0,00 1,71 0,00 0,00 0,00 0,28 40,17 1,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,28 0,28 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,00 4,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 96,96 3,04 0,00 3,04 0 0 10,26 36 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,19 1,27 6,33 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 20,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 0,00 0,00 0,00 0,42 5,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,27 2,53 0,00 0,00 0,00 0,00 2,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,28 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 1,27 0,00 0,00 0,00 1,69 100,00 79,80 20,20 4,71 15,49 0 0 0,00 0 0 0
BRAZOS-1 G 60 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 0 0,00 0 0 0
>250μm 0,00 0,00 0,00 0,00 4,63 14,81 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,96 0,00 0,00 2,78 0,00 0,00 0,00 1,85 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 85,19 92 0 0
>150μm 0,00 0,00 0,00 0,00 0,69 2,08 0,00 0,00 0,00 0,00 5,54 0,00 2,77 0,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,69 3,11 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,69 0,00 0,00 0,00 0,00 0,69 0,00 1,38 11,42 0,00 0,00 0,35 0,00 0,00 0,00 0,00 26,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,69 5,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 88,38 11,62 4,89 6,73 0 0 14,53 42 0 0
>63μm 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,72 4,30 0,00 2,51 2,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,87 0,00 39,43 0,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,72 0,36 0,00 0,00 0,00 9,68 0,00 1,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,08 2,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 9,32 0,72 3,23 0,00 0,00 0,00 0,00 0,00 0,00 1,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,15 0,00 0,00 0,00 0,00 0,00 2,15 0,00 0,72 100,00 84,29 15,71 4,53 11,18 0 0 0,00 0 0 0
BRAZOS-1 F 58-60 >500μm 0,00 0,00 0,00 0,00 25,00 0,00 0,00 50,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 75,00 6 0 0
>250μm 0,00 0,00 0,00 0,00 6,92 5,97 0,00 14,47 1,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,31 0,00 0,00 0,00 0,00 0,00 3,14 32,08 0,00 0,00 4,40 0,00 0,00 0,00 0,31 24,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 3,46 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 100,00 99,69 0,31 0,31 0,00 1 0 69,18 220 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 6,84 0,00 0,00 0,00 0,00 1,95 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 2,61 0,00 0,00 0,00 0,33 0,00 0,33 0,00 0,00 0,00 0,00 0,00 2,28 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,95 0,33 0,00 0,00 0,00 0,00 0,00 1,63 8,79 0,00 0,00 1,95 0,00 0,00 0,00 1,95 45,60 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 0,33 0,00 0,00 0,00 0,00 0,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,98 0,00 0,65 0,00 0,00 4,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,33 100,00 99,03 0,97 0,32 0,65 0 0 19,54 60 0 0
>63μm 0,00 0,00 0,00 0,00 0,73 0,00 0,00 0,00 0,00 0,00 8,36 2,55 1,45 0,00 0,00 0,00 0,00 0,00 0,73 0,00 0,00 0,00 1,09 0,00 0,00 0,00 0,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,91 3,27 4,36 10,55 0,00 1,45 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,73 0,00 0,00 0,00 13,45 0,00 1,09 2,91 0,00 0,00 1,09 0,00 0,00 0,00 0,00 5,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,45 1,82 0,00 0,00 0,00 0,00 6,91 0,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,27 1,09 0,36 0,00 0,00 0,00 0,00 0,00 0,00 2,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,09 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,73 0,00 0,00 0,00 1,45 0,00 0,00 0,00 0,73 100,00 61,11 38,89 7,33 31,56 2 0 6,18 17 0 0
BRAZOS-1 E 50 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 100,00 3 0 0
>250μm 0,00 0,00 0,31 0,00 9,94 14,60 0,00 13,98 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 44,72 0,00 0,00 2,17 0,00 0,00 0,00 0,00 4,97 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,73 0,00 100,00 100,00 0,00 0,00 0,00 0 0 92,86 299 0 0
>150μm 0,00 0,00 0,00 0,76 1,27 8,38 0,00 0,00 0,00 0,00 0,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,25 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 0,00 2,28 12,44 0,00 0,00 4,31 0,00 0,00 0,00 0,76 31,47 2,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,25 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,25 0,51 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 3,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 98,25 1,75 1,25 0,50 0 0 29,44 116 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,60 2,76 2,76 5,53 0,00 0,00 0,46 0,00 0,92 0,00 0,00 0,00 0,46 0,00 0,00 0,00 0,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,38 0,00 5,53 4,15 21,20 0,00 0,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,92 0,46 0,00 0,00 0,00 6,45 0,00 1,38 2,30 0,00 0,00 1,38 0,00 0,00 0,00 0,00 7,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,76 0,92 0,00 0,92 0,00 0,00 2,30 0,00 0,00 1,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,46 0,00 0,00 0,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,38 0,00 1,38 0,00 0,00 0,00 2,76 0,46 0,46 0,00 0,00 100,00 71,85 28,15 4,30 23,84 0 0 6,45 14 0 0
BRAZOS-1 D 21-28 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 20,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,67 0,00 0,00 0,00 0,00 0,00 0,00 6,67 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 26,67 4 0 0
>250μm 0,00 0,00 0,00 1,26 5,05 10,41 0,00 18,61 0,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,95 0,00 0,00 0,00 0,00 0,00 0,00 0,95 30,60 0,00 0,00 6,62 0,00 0,00 0,00 0,95 19,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 2,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 99,37 0,63 0,63 0,00 1 0 74,45 236 0 0
>150μm 0,00 0,00 0,00 2,66 2,17 8,94 0,00 0,97 1,93 0,00 0,24 0,00 1,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,48 0,00 0,00 0,72 13,04 0,00 0,00 0,00 0,24 0,00 0,00 0,00 0,00 0,24 0,00 0,00 0,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,45 0,00 0,00 0,00 0,00 0,48 0,24 2,90 17,15 0,00 0,00 5,07 0,00 0,00 0,00 0,24 26,57 1,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,24 0,00 0,00 0,00 0,00 0,00 0,72 0,00 0,00 0,00 0,00 0,00 0,48 0,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,48 0,00 0,00 0,00 0,00 0,00 0,97 0,00 0,48 0,00 0,00 3,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,14 0,00 100,00 94,95 5,05 2,06 2,98 0 0 44,93 186 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,02 0,00 2,92 1,17 0,00 0,00 0,00 0,00 1,17 0,00 0,00 0,00 0,58 0,00 0,58 0,58 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,58 0,00 2,34 3,51 9,36 0,00 0,00 0,58 0,00 0,00 0,00 0,58 0,00 0,00 0,58 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 15,79 1,17 3,51 5,85 0,00 0,00 4,68 0,00 0,00 0,00 0,00 12,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 5,26 1,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,09 1,17 0,58 0,00 1,17 100,00 61,96 38,04 5,43 32,61 0 0 16,96 29 0 0
BRAZOS-1 C 16-20 >500μm 0,00 0,00 0,00 0,00 15,00 0,00 0,00 45,00 10,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 20,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 70,00 14 0 0
>250μm 0,00 0,00 0,32 2,56 7,99 10,54 0,00 25,88 4,47 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,32 0,00 0,00 0,00 0,00 1,60 22,36 0,00 0,00 4,47 0,00 0,00 0,00 0,00 14,70 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 52,08 163 0 0
>150μm 0,00 0,00 0,00 1,28 2,30 7,67 0,00 1,02 1,28 0,00 1,79 0,51 0,77 0,00 0,00 0,00 0,00 0,00 0,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,77 0,51 0,00 0,00 11,51 0,00 0,00 0,00 0,26 0,00 0,51 0,00 0,00 0,00 0,00 0,00 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,84 0,00 0,00 0,00 0,51 0,51 0,00 1,53 20,72 0,77 0,26 3,32 0,00 0,00 0,00 0,00 27,37 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,26 0,00 0,00 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,77 0,00 0,77 0,00 0,00 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,53 0,00 100,00 97,99 2,01 0,50 1,50 0 0 37,34 146 0 0
>63μm 0,00 0,00 0,00 4,40 0,00 0,00 0,00 0,00 0,00 0,00 2,40 1,20 1,20 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,40 0,00 6,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,20 0,00 2,40 30,00 0,00 0,00 0,00 2,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 4,80 0,00 3,20 8,40 0,00 0,40 2,40 0,00 0,00 0,00 0,00 3,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,80 0,00 0,80 0,00 0,00 6,40 2,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,40 0,00 0,00 0,00 0,00 0,00 0,00 1,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 0,00 0,80 2,80 0,00 100,00 67,39 32,61 4,31 28,30 1 0 27,60 69 0 0
BRAZOS-1 B 10-15 >500μm 0,00 0,00 0,00 0,00 11,11 0,00 0,00 66,67 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 11,11 1 0 0
>250μm 0,00 2,52 0,00 2,88 5,76 5,40 0,72 24,82 1,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,44 0,00 0,00 0,00 0,00 0,00 0,00 1,08 29,50 0,00 0,00 1,08 0,00 0,00 0,00 0,36 20,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 98,23 1,77 0,71 1,06 0 0 75,90 211 0 0
>150μm 0,00 0,00 0,00 1,38 2,07 3,92 0,00 1,61 2,76 0,00 0,46 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,23 0,00 0,23 0,69 2,53 1,38 0,69 0,00 1,61 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,53 0,23 0,00 0,00 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 0,00 1,38 44,24 0,00 0,46 3,23 0,00 0,00 0,00 0,46 17,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,46 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,92 0,00 0,00 1,15 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,69 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 0,00 0,00 0,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,92 0,00 100,00 80,97 19,03 5,22 13,81 5 3 65,44 284 0 0
>63μm 0,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,37 0,00 3,79 0,00 3,32 0,00 1,90 0,00 1,90 0,00 0,00 0,00 0,00 0,95 0,00 0,00 0,00 0,00 0,00 0,00 1,90 2,84 9,00 0,00 0,95 0,00 1,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,80 0,00 0,00 0,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,95 0,00 0,00 0,00 0,00 0,00 0,95 0,00 1,42 2,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,90 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,42 0,00 0,00 0,47 0,47 0,47 0,00 0,00 2,84 5,69 3,32 0,00 0,00 0,00 2,37 3,32 0,00 7,58 1,42 0,00 0,00 1,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,42 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,06 0,00 0,95 0,00 2,84 100,00 56,72 43,28 9,41 33,87 0 0 7,11 15 0 0
BRAZOS-1 A 5-10 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 57,14 14,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 28,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 71,43 5 0 0
>250μm 0,00 0,00 0,00 0,00 7,59 12,03 0,00 13,29 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,80 44,94 0,00 0,00 3,16 0,00 0,00 0,00 0,00 12,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 96,34 3,66 2,44 1,22 0 0 86,08 136 0 0
>150μm 0,00 0,00 0,00 1,29 2,58 3,86 0,00 2,15 3,43 0,00 0,86 0,43 0,86 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,43 1,29 2,15 1,72 2,15 0,86 3,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 1,29 0,00 0,43 0,86 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,15 26,61 0,00 0,86 3,43 0,00 0,00 0,00 0,00 12,88 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,86 0,43 0,00 0,43 0,00 0,00 0,00 0,43 0,43 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,86 0,00 0,00 0,00 0,00 2,58 0,00 0,00 2,15 0,00 0,00 0,00 0,86 0,43 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 3,00 0,00 100,00 49,36 50,64 19,70 30,93 8 1 70,82 165 0 0
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RB-5 +185cm 185 >500μm 1 2 1 1 1 2 1 1 1 90 47 8 19 33 2 3 74 1 1 4 4 4 6 3 2 12 0 324 228 96 0 0 0 29 21
(RB-4/5 M) >250μm 1 4 5 6 4 2 2 3 2 11 4 1 125 28 1 3 1 6 1 26 2 1 3 2 4 3 1 2 54 0 308 171 137 0 0 0 69 3
>150μm 1 4 1 1 5 17 48 3 1 3 1 2 2 2 15 7 22 2 3 75 7 4 3 4 2 3 1 3 1 243 59 184 81 81 0 0 10
>63μm 1 1 2 6 2 6 2 17 2 1 1 6 3 2 52 927 33 19 285 174 111 0 0
RB-4 + RB-5 +180cm 180 >500μm 2 1 3 5 21 7 4 2 1 1 2 7 5 1 5 2 1 49 9 7 5 2 28 6 3 4 1 0 184 55 37 0 0 0 95 18
(RB-4/5 L) >250μm 3 1 2 2 3 5 2 2 1 1 3 2 5 7 2 3 14 3 6 1 1 1 1 5 0 76 37 37 2 2 0 0 0
>150μm 6 4 5 4 27 2 2 1 3 1 1 1 3 1 7 21 3 2 3 1 1 5 4 2 3 1 3 2 7 126 102 24 195 194 1 0 0
>63μm 4 4 3 4 2 4 5 8 3 2 3 2 2 1 2 1 1 2 3 2 2 2 4 1 1 5 1 6 80 466 57 23 219 196 23 0 0
RB-4+ + RB-5- +170cm 170 >500μm 5 4 2 17 1 1 1 2 4 5 5 45 36 7 9 25 1 6 1 4 2 3 8 2 1 0 197 118 87 0 0 0 93 20
(RB-4/5 K) >250μm 2 3 8 14 14 9 10 6 1 6 3 2 2 2 2 1 1 9 2 1 1 2 3 69 32 2 2 1 1 1 1 18 1 1 2 6 4 3 2 9 1 51 9 320 168 142 9 9 0 256 16
>150μm 3 2 14 3 48 3 1 3 2 1 2 1 2 3 1 1 3 1 2 3 4 1 11 2 1 1 3 1 6 4 1 1 1 1 1 8 1 3 1 4 155 122 33 152 152 0 53 2
>63μm 1 3 4 11 5 10 1 11 2 5 1 3 7 1 3 2 13 83 755 49 34 252 197 55 1 0
RB-4+ +155cm 155 >500μm 2 1 1 2 1 1 61 11 2 8 3 1 6 1 1 1 2 4 3 4 3 0 119 105 13 0 0 0 5 13
(RB-4/5 J) >250μm 1 4 5 7 1 13 12 4 1 1 1 16 1 1 145 28 2 2 6 1 6 1 1 1 10 1 4 2 2 4 58 0 342 226 124 1 1 0 75 10
>150μm 1 5 6 46 1 3 1 2 1 46 2 22 5 1 1 3 1 92 10 2 1 3 9 6 3 3 3 2 6 0 287 240 47 61 59 2 3 0
>63μm 1 3 1 2 2 3 12 8 1 1 1 1 1 1 1 1 1 2 1 1 2 16 3 4 6 76 824 53 22 294 211 83 0 0
RB-4+ +150cm 150 >500μm 3 1 37 9 9 4 13 2 7 4 5 4 6 0 104 89 12 0 0 0 11 4
(RB-4/5 I) >250μm 3 3 1 2 2 1 33 14 4 4 7 1 9 1 1 2 1 1 122 18 1 2 2 1 1 20 4 3 1 5 1 3 12 3 2 2 4 12 7 1 8 3 3 3 67 1 0 402 199 201 0 0 0 99 11
>150μm 7 4 25 17 153 2 10 2 2 4 3 8 14 4 36 7 4 1 1 1 1 6 1 2 3 1 12 331 291 40 23 23 0 65 0
>63μm 1 2 1 5 2 6 9 35 2 3 2 1 3 1 1 3 8 1 8 7 2 2 18 123 960 94 29 199 136 63 0 0
RB-4 +110cm 110 >500μm 1 2 2 1 27 2 3 1 1 6 1 2 1 2 2 5 0 59 40 19 0 0 0 1 13
(RB-4/5 H) >250μm 3 1 1 4 5 3 4 2 5 17 5 7 3 1 25 3 5 4 1 155 14 3 1 5 4 3 1 1 4 2 1 1 1 1 9 3 1 5 4 1 3 4 1 3 4 1 18 0 353 257 91 1 1 0 173 26
>150μm 9 1 2 36 32 70 2 1 2 1 16 2 30 4 1 18 3 1 1 2 1 2 2 1 17 12 8 24 7 1 1 2 12 1 1 1 0 327 311 19 7 7 0 20 1
>63μm 2 1 1 1 2 1 5 1 2 12 2 30 3 14 3 3 3 2 3 2 8 5 2 12 2 4 11 137 876 102 25 205 96 109 0 0
RB-4 +100cm 100 >500μm 23 2 1 1 2 0 29 28 1 0 0 0 4 2
(RB-4/5 G) >250μm 7 2 3 264 28 1 1 1 1 2 1 1 1 3 2 1 2 0 321 318 3 0 0 0 5 0
>150μm 7 2 14 56 3 5 3 5 104 29 1 1 2 1 49 2 3 1 1 3 292 291 1 17 16 1 0 3
>63μm 2 1 1 1 3 2 2 2 2 26 9 91 1 2 1 2 4 12 1 3 2 2 8 3 3 1 1 6 3 2 6 1 7 8 9 230 872 180 52 125 62 63 1 0
RB-4 +80cm 80 >500μm 3 2 24 2 2 0 33 28 0 0 0 0 0 0
(RB-4/5 F) >250μm 1 1 2 1 286 18 1 10 4 1 4 3 0 332 228 4 0 0 0 0 1
>150μm 2 2 1 3 4 13 38 2 11 73 12 1 1 2 3 3 157 5 1 7 0 341 338 3 0 0 0 0 0
>63μm 4 2 3 3 1 2 2 2 1 2 13 12 119 2 3 5 1 2 2 3 2 4 3 1 2 4 7 3 9 2 7 5 2 14 249 955 191 58 65 15 50 0 0
RB-4 +50cm (Riverbank) 50 >500μm 1 0 1 1 0 0 0 0 0 0
(RB-4/5 E) >250μm 2 92 2 1 1 77 3 1 2 4 1 1 0 187 181 6 4 1 3 0 0
>150μm 2 1 4 7 1 3 1 181 6 2 2 1 5 147 7 1 1 3 2 0 377 360 17 8 6 2 0 0
>63μm 2 7 10 2 6 4 23 2 2 2 8 16 1 1 2 1 4 2 1 1 1 9 2 3 1 2 2 4 1 5 127 692 88 39 198 21 177 0 0
RB-4 +50cm 49 >500μm 1 0 1 1 0 0 0 0 0 0
(RB-4/5 D) >250μm 2 127 3 2 116 8 1 1 2 2 1 4 3 1 0 273 267 6 3 0 3 1 1
>150μm 2 2 3 3 6 2 125 6 3 1 1 157 16 2 1 4 5 3 4 3 0 349 332 17 15 7 8 1 1
>63μm 2 2 6 2 1 3 3 5 2 3 3 4 38 1 1 1 1 1 3 1 2 21 2 1 1 1 2 1 2 1 1 18 2 3 5 4 150 773 96 52 287 33 254 1 0
RB-4 +30cm 30 >500μm 0 0 0 0 0 0 0 0 0
(RB-4/5 C) >250μm 1 1 54 2 1 1 1 1 0 62 61 1 1 1 0 0 0
>150μm 1 1 5 5 3 13 1 40 1 6 2 4 3 240 16 1 2 4 8 2 2 1 0 361 344 17 46 25 21 0 0
>63μm 1 3 3 5 1 2 2 1 2 3 1 7 11 41 1 1 14 1 11 3 1 1 5 2 4 1 1 8 2 4 3 1 1 1 1 150 573 111 39 175 12 163 0 0
RB-4 +10cm 10 >500μm 1 1 1 0 3 3 0 0 0 0 0 0
(RB-4/5 B) >250μm 1 30 1 1 1 0 34 32 2 0 0 0 2 0
>150μm 1 1 1 1 1 2 4 16 10 2 8 3 1 3 2 3 1 1 4 1 1 61 4 1 2 2 1 1 6 2 1 1 1 3 3 2 3 1 2 0 164 127 37 137 41 96 1 6
Danian >63μm 3 2 1 1 2 8 2 2 3 3 1 3 2 2 2 1 1 12 26 6 1 1 1 1 1 1 15 4 3 4 1 5 121 322 83 31 183 21 162 0 0
Maastrichtian RB-4 Below Boundary -30 >500μm 61 15 0 76 76 0 0 0 0 0 0
(RB-4/5 A) >250μm 3 3 6 1 3 2 103 3 1 5 1 2 5 1 139 120 19 107 56 51 6 5
>150μm 2 1 4 1 1 3 4 2 1 1 3 70 1 3 1 1 2 2 1 1 1 0 106 82 24 295 150 145 0 0
>63μm 1 1 2 7 1 2 13 2 1 3 11 3 1 3 0 51 372 44 7 261 19 242 0 0
TOTAL 1 1 1 11 1 8 1 26 8 1 1 0 16 18 28 7 1 1 8 17 3 1 29 1 2 14 3 13 1 37 1 1 4 1 3 10 0 5 40 1 7 221 187 909 26 28 11 80 2 0 2 5 40 5 1 3 94 68 9 34 1 25 2 1 2 1 4 4 3 2 0 7 34 14 1 1 1 5 1 1 5 868 11 0 5 1 2 27 20 4 10 1 1 0 2 2 3 6 6 5 2 82 63 2 1 16 2 4 1 219 3 24 0 2 1 0 1 3 3 3087 417 28 4 63 10 35 2 3 2 2 4 12 15 2 4 0 3 4 12 2 1 2 2 2 1 1 4 2 35 1 11 9 3 20 10 9 0 3 2 1 214 1 3 2 1 1 20 2 1 2 2 4 2 0 1 1 3 12 16 3 1 4 1 70 26 1 33 55 54 3 2 1 2 3 3 1 8 25 1 1 1 1 3 1 18 16 1 1 315 10 15 48 23 1 0 1 1 10 63 48 1 19 14 34 7 57 3 4 0 1 71 1 3 6 1 0 1 1 2 3 2 1 3 0 286 3 1 24 42 8 3 1 44 2 9 0 131 0 9367 9367 0 7217 1931 0 3913 2025 1888 0 0 1070 187
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o
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r
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n
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D
e
n
t
a
l
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n
a
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e
l
i
c
a
t
u
l
a
D
e
n
t
a
l
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a
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r
a
c
i
l
i
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D
e
n
t
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l
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n
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r
n
e
i
a
n
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D
e
n
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a
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e
n
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a
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n
a
 
m
e
g
a
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o
l
i
t
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D
e
n
t
a
l
i
n
a
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u
l
t
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c
o
s
t
a
t
a
D
e
n
t
a
l
i
n
a
 
s
p
.
D
o
r
o
t
h
i
a
 
c
o
n
u
l
a
D
o
r
o
t
h
i
a
 
g
l
a
b
r
a
t
a
D
o
r
o
t
h
i
a
 
c
f
.
 
p
o
n
t
o
n
i
D
o
r
o
t
h
i
a
 
p
o
n
t
o
n
i
D
o
r
o
t
h
i
a
 
r
e
t
u
s
a
D
o
r
o
t
h
i
a
 
s
t
e
p
h
e
n
s
o
n
i
D
o
r
o
t
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a
 
s
p
.
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r
o
t
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a
 
w
a
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e
r
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i
E
l
l
i
p
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o
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o
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r
i
a
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l
e
x
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n
d
e
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E
l
l
i
p
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x
i
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?
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n
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E
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l
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a
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o
r
r
i
d
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l
l
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?
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E
l
l
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p
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o
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o
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r
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a
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n
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E
l
l
i
p
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o
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o
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o
s
c
r
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l
l
i
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o
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a
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.
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l
l
i
p
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o
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o
s
a
r
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a
 
s
u
b
n
o
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a
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o
u
v
i
g
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r
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n
a
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i
s
p
i
d
a
E
p
i
s
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o
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n
a
 
c
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r
a
c
o
l
l
a
E
p
o
n
i
d
e
s
 
h
a
i
d
i
n
g
e
r
i
i
E
p
o
n
i
d
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s
 
s
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.
F
l
a
b
e
l
l
a
m
m
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n
a
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o
m
p
r
e
s
s
a
F
l
a
b
e
l
l
a
m
m
i
n
a
 
m
a
g
n
a
F
l
a
b
e
l
l
a
m
m
i
n
a
 
s
p
.
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r
a
n
k
e
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n
a
 
c
u
s
h
m
a
n
i
F
r
a
n
k
e
i
n
a
 
r
u
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o
s
i
s
s
i
m
a
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r
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n
k
e
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n
a
 
s
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.
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r
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n
k
e
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n
a
 
t
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y
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r
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n
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s
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r
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n
d
i
c
u
l
a
r
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a
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r
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n
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e
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F
r
o
n
d
i
c
u
l
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r
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a
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n
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u
l
o
s
a
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a
u
d
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y
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n
e
l
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a
 
p
s
e
u
d
o
s
e
r
r
a
t
a
G
a
u
d
r
y
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n
e
l
l
a
 
s
p
.
G
a
u
d
r
y
i
n
a
 
n
a
v
a
r
r
o
a
n
a
G
a
u
d
r
y
i
n
a
 
(
P
s
e
u
d
o
g
a
u
d
r
y
i
n
a
)
 
e
l
l
i
s
o
r
a
e
G
a
u
d
r
y
i
n
a
 
(
P
s
e
u
d
o
g
a
u
d
r
y
i
n
a
)
 
p
y
r
a
m
i
d
a
t
a
G
a
u
d
r
y
i
n
a
 
s
p
.
G
l
o
b
u
l
i
n
a
 
c
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.
 
l
a
c
r
i
m
a
G
l
o
b
u
l
i
n
a
 
l
a
c
r
i
m
a
G
l
o
b
u
l
i
n
a
 
l
a
c
r
i
m
a
 
v
a
r
.
 
s
u
b
s
p
h
a
e
r
i
c
a
G
l
o
b
u
l
i
n
a
 
s
p
.
G
l
o
m
o
s
p
i
r
a
 
g
o
r
d
i
a
l
i
s
G
u
t
t
u
l
i
n
a
 
a
d
h
a
e
r
e
n
s
G
u
t
t
u
l
i
n
a
 
s
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.
G
u
t
t
u
l
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n
a
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r
i
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n
u
l
a
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o
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d
i
n
a
 
b
e
i
s
s
e
l
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y
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o
i
d
i
n
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e
p
r
e
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a
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y
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o
i
d
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o
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o
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a
G
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d
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a
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.
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a
p
l
o
p
h
r
a
g
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o
i
d
e
s
 
s
p
.
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a
p
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o
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h
r
a
g
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o
i
d
e
s
 
c
a
l
c
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l
a
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y
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o
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y
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a
 
c
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r
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e
r
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L
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n
a
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c
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t
i
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L
e
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i
c
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l
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a
 
c
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.
 
j
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L
e
n
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c
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l
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a
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.
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r
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c
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l
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a
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t
u
l
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c
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l
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a
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.
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c
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l
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n
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.
 
A
L
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c
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l
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c
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.
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.
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c
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a
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.
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l
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c
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.
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.
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c
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.
 
C
L
e
n
t
i
c
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c
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.
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c
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c
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c
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c
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u
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c
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c
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u
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c
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g
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l
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.
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)
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c
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P
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P
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P
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P
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P
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c
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u
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.
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h
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c
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u
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u
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y
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u
l
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n
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y
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n
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o
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d
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o
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c
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RB-5 +185cm 185 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,62 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,31 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 27,78 14,51 2,47 0,00 5,86 0,00 10,19 0,62 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,84 0,00 0,00 0,00 0,31 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 1,23 0,00 0,00 1,85 0,93 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 70,37 29,63 324 0,00 0,00 0,00 29 21
(RB-4/5 M) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 1,62 0,00 0,00 0,00 1,95 1,30 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,57 1,30 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 40,58 9,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,97 0,00 0,32 1,95 0,00 0,32 0,00 0,00 0,00 8,44 0,00 0,65 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,97 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,97 0,00 0,32 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 17,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 55,52 44,48 308 0,00 0,00 0,00 69 3
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 1,65 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 2,06 7,00 19,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,41 0,00 0,00 1,23 0,41 0,00 0,82 0,00 0,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,88 9,05 0,00 0,00 0,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 30,86 2,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 1,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 100 75,00 24,28 75,72 324 25,00 25,00 0,00 0 10
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 3,85 0,00 11,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 11,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 32,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,77 0,00 0,00 3,85 100 400 15,43 63,46 36,54 337 84,57 51,63 32,94 0 0
RB-4 + RB-5 +180cm 180 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,09 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,63 2,72 0,00 11,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,80 2,17 0,00 1,09 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,09 0,00 0,00 3,80 2,72 0,54 2,72 0,00 0,00 0,00 1,09 0,00 0,00 0,00 0,00 0,00 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,63 4,89 0,00 0,00 3,80 2,72 1,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 29,89 20,11 184 0,00 0,00 0,00 95 18
(RB-4/5 L) >250μm 0,00 0,00 0,00 3,95 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,63 0,00 0,00 2,63 3,95 6,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,63 0,00 0,00 0,00 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 3,95 0,00 2,63 6,58 9,21 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,95 0,00 0,00 0,00 18,42 3,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 97,44 48,68 48,68 78 2,56 2,56 0,00 0 0
>150μm 0,00 0,00 0,00 4,76 0,00 0,00 0,00 3,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,97 3,17 21,43 0,00 1,59 0,00 0,00 0,00 0,00 0,00 1,59 0,00 0,00 0,79 2,38 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,67 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,97 0,00 0,00 0,00 3,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 2,38 1,59 0,00 0,00 0,00 0,00 0,00 5,56 100 39,25 80,95 19,05 321 60,75 60,44 0,31 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 5,00 0,00 0,00 5,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,75 0,00 0,00 5,00 0,00 2,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 6,25 10,00 0,00 0,00 3,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,75 2,50 2,50 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 1,25 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 0,00 3,75 0,00 2,50 2,50 2,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 1,25 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 1,25 0,00 7,50 100 400 26,76 71,25 28,75 299 73,24 65,55 7,69 0 0
RB-4+ + RB-5- +170cm 170 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,03 0,00 1,02 8,63 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,51 1,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,03 2,54 0,00 2,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,84 18,27 3,55 0,00 4,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,69 0,00 0,00 0,00 0,51 0,00 0,00 3,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 1,52 0,00 0,00 0,00 0,00 0,00 4,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 59,90 44,16 197 0,00 0,00 0,00 93 20
(RB-4/5 K) >250μm 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 2,50 4,38 4,38 0,00 2,81 0,00 3,13 0,00 0,00 0,00 1,88 0,31 0,00 0,00 1,88 0,94 0,00 0,63 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,63 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 2,81 0,63 0,31 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,56 10,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,31 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 5,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 1,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,63 0,00 0,00 0,00 0,00 0,00 2,81 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,81 100 97,26 52,50 44,38 329 2,74 2,74 0,00 256 16
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,94 0,00 1,29 9,03 1,94 30,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,94 0,65 0,00 0,00 1,94 1,29 0,65 1,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 1,29 1,94 0,00 0,65 0,65 0,00 1,94 0,65 0,00 0,00 1,29 1,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,58 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 7,10 1,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,94 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,87 0,00 0,00 2,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,65 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,65 0,00 5,16 0,00 0,65 1,94 0,00 0,65 0,00 0,00 2,58 100 50,49 78,71 21,29 307 49,51 49,51 0,00 53 2
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,61 0,00 4,82 13,25 0,00 6,02 0,00 12,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,41 0,00 6,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,43 0,00 0,00 0,00 0,00 0,00 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,61 0,00 0,00 0,00 0,00 2,41 0,00 0,00 15,66 100 400 24,78 59,04 40,96 335 75,22 58,81 16,42 1 0
RB-4+ +155cm 155 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 0,84 0,00 0,00 1,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 51,26 9,24 1,68 0,00 6,72 2,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,04 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,68 3,36 0,00 0,00 0,00 2,52 3,36 2,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 88,24 10,92 119 0,00 0,00 0,00 5 13
(RB-4/5 J) >250μm 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 1,46 2,05 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,80 3,51 0,00 1,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,29 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,68 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 42,40 8,19 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 1,75 0,00 0,00 0,00 0,00 0,29 0,29 0,29 0,00 0,00 0,00 2,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 1,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 99,71 66,08 36,26 343 0,29 0,29 0,00 75 10
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,74 2,09 16,03 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,35 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,03 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,67 1,74 0,35 0,00 0,00 0,35 0,00 0,00 1,05 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 32,06 3,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,14 0,00 2,09 1,05 1,05 0,00 0,00 0,00 0,00 1,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 82,47 83,62 16,38 348 17,53 16,95 0,57 3 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 3,95 1,32 2,63 0,00 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,95 15,79 10,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,95 0,00 0,00 0,00 0,00 5,26 0,00 0,00 7,89 100 400 20,54 69,74 28,95 370 79,46 57,03 22,43 0 0
RB-4+ +150cm 150 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,88 0,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,58 8,65 8,65 3,85 12,50 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,73 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,81 0,00 0,00 3,85 0,00 0,00 5,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 85,58 11,54 104 0,00 0,00 0,00 11 4
(RB-4/5 I) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,25 0,00 0,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,00 0,25 0,00 8,21 3,48 0,00 1,00 0,00 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,74 0,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,25 0,50 0,25 0,00 0,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,35 4,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,25 0,50 0,00 0,00 0,50 0,00 0,00 0,00 0,25 0,25 4,98 0,00 1,00 0,75 0,25 1,24 0,25 0,75 0,00 0,00 0,00 2,99 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,50 0,00 0,00 1,00 2,99 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,25 1,99 0,75 0,00 0,00 0,75 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,67 0,00 0,00 0,00 0,00 0,25 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 49,50 50,00 402 0,00 0,00 0,00 99 11
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,55 5,14 46,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,60 0,00 0,00 3,02 0,60 0,60 1,21 0,00 0,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,88 2,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,21 0,30 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,91 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,63 100 93,50 87,92 12,08 354 6,50 6,50 0,00 65 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,81 1,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,81 0,00 0,00 0,00 0,00 0,00 0,00 4,07 0,00 0,00 1,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,88 7,32 28,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,63 0,00 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,44 0,00 0,00 0,00 0,00 0,00 0,00 0,81 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,44 0,00 0,00 0,00 0,00 6,50 0,81 0,00 6,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,63 0,00 0,00 0,00 0,00 1,63 0,00 0,00 14,63 100 400 38,20 76,42 23,58 322 61,80 42,24 19,57 0 0
RB-4 +110cm 110 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 45,76 0,00 3,39 0,00 5,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 0,00 0,00 1,69 0,00 0,00 0,00 0,00 10,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 3,39 0,00 0,00 1,69 3,39 0,00 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 67,80 32,20 59 0,00 0,00 0,00 1 13
(RB-4/5 H) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 1,13 0,00 0,00 1,42 0,85 1,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,00 0,00 1,42 4,82 0,00 1,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,98 0,85 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,08 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,42 1,13 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 43,91 3,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 1,42 0,00 1,13 0,85 0,28 0,28 1,13 0,57 0,00 0,28 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,28 0,00 0,00 2,55 0,85 0,00 0,00 0,28 1,42 1,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,85 1,13 0,28 0,00 0,00 0,00 0,85 0,00 1,13 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 99,72 72,80 25,78 354 0,28 0,28 0,00 173 26
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,00 0,00 11,01 9,79 21,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,31 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 9,17 0,00 1,22 0,31 0,00 0,00 0,00 0,00 0,00 5,50 0,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,31 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,61 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,20 0,00 0,00 0,00 3,67 2,45 7,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,14 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 3,67 0,31 0,00 0,00 0,31 0,00 0,31 0,00 100 97,90 95,11 5,81 334 2,10 2,10 0,00 20 1
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,46 0,73 0,00 0,00 0,00 0,00 0,00 0,73 0,00 0,00 0,73 0,00 1,46 0,00 0,00 0,00 0,73 3,65 0,00 0,73 0,00 0,00 0,00 0,00 0,00 1,46 0,00 0,00 8,76 1,46 21,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,22 0,00 2,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,19 0,00 0,00 0,00 0,00 0,00 2,19 0,00 0,00 0,00 0,00 1,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,19 0,00 0,00 0,00 0,00 1,46 5,84 3,65 0,00 1,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,46 0,00 0,00 0,00 0,00 2,92 0,00 0,00 8,03 100 400 40,06 74,45 18,25 342 59,94 28,07 31,87 0 0
RB-4 +100cm 100 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 79,31 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 96,55 3,45 29 0,00 0,00 0,00 4 2
(RB-4/5 G) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 82,24 8,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,31 0,93 0,62 0,00 0,00 0,00 0,00 0,31 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 99,07 0,93 321 0,00 0,00 0,00 5 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,40 0,68 4,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,03 1,71 0,00 0,00 1,03 0,00 0,00 0,00 1,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,62 9,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,34 0,00 0,00 0,00 0,00 0,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 16,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,68 1,03 0,00 0,00 0,00 0,00 0,34 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,03 100 94,50 99,66 0,34 309 5,50 5,18 0,32 0 3
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,43 0,00 0,43 0,43 1,30 0,00 0,00 0,87 0,00 0,00 0,87 0,00 0,00 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 0,00 0,00 11,30 3,91 39,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,87 0,00 0,43 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,87 3,48 0,00 0,00 1,30 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 2,61 1,30 0,00 0,00 0,00 0,00 0,00 0,87 2,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,48 0,00 0,00 3,91 100 400 64,79 78,26 22,61 355 35,21 17,46 17,75 1 0
RB-4 +80cm 80 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 6,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 72,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,06 0,00 0,00 0,00 0,00 0,00 0,00 6,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 84,85 0,00 33 0,00 0,00 0,00 0 0
(RB-4/5 F) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 86,14 5,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,01 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,20 0,00 0,00 0,00 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 68,67 1,20 332 0,00 0,00 0,00 0 1
>150μm 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,29 0,88 1,17 3,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,41 3,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,29 0,00 0,59 0,00 0,00 0,00 0,00 0,88 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 46,04 0,00 0,00 0,00 1,47 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 99,12 0,88 341 0,00 0,00 0,00 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,80 1,20 1,20 0,40 0,00 0,00 0,80 0,00 0,00 0,80 0,00 0,00 0,80 0,00 0,00 0,00 0,40 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,22 4,82 47,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 1,20 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 1,61 2,81 0,00 0,00 0,00 1,20 0,00 0,00 3,61 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,01 0,00 0,80 5,62 100 400 79,30 76,71 23,29 314 20,70 4,78 15,92 0 0
RB-4 +50cm (Riverbank 50 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 1 0,00 0,00 0,00 0 0
(RB-4/5 E) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 49,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,07 0,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,53 41,18 1,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,14 0,00 0,00 0,00 0,00 0,00 0,00 0,53 0,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 97,91 96,79 3,21 191 2,09 0,52 1,57 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,53 0,00 0,00 0,27 1,06 1,86 0,00 0,00 0,00 0,27 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 48,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 0,53 0,00 0,00 0,53 0,27 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 38,99 1,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 97,92 95,49 4,51 385 2,08 1,56 0,52 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,57 5,51 7,87 0,00 0,00 0,00 0,00 1,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,72 3,15 18,11 1,57 0,00 1,57 0,00 1,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,57 0,79 3,15 1,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,79 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,09 0,00 0,00 1,57 2,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 1,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,57 0,00 0,00 0,00 3,15 0,79 0,00 3,94 100 400 39,08 69,29 30,71 325 60,92 6,46 54,46 0 0
RB-4 +50cm 49 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 1 0,00 0,00 0,00 0 0
(RB-4/5 D) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 46,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,10 0,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 42,49 2,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,73 0,37 0,00 1,47 0,00 0,00 0,00 1,10 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 98,91 97,80 2,20 276 1,09 0,00 1,09 1 1
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,00 0,57 0,86 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 35,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 44,99 4,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,43 0,00 0,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 0,86 0,00 0,00 0,00 0,00 0,00 0,00 100 95,88 95,13 4,87 364 4,12 1,92 2,20 1 1
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 1,33 4,00 1,33 0,00 0,00 0,67 2,00 2,00 0,00 3,33 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 0,00 0,00 2,00 2,67 25,33 0,67 0,00 0,67 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 1,33 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 12,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,33 0,00 0,00 0,00 2,00 0,00 3,33 2,67 100 400 34,32 64,00 34,67 437 65,68 7,55 58,12 1 0
RB-4 +30cm 30 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0,00 0,00 0 0,00 0,00 0,00 0 0
(RB-4/5 C) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 87,10 3,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 0,00 1,61 0,00 0,00 0,00 1,61 1,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 98,41 98,39 1,61 63 1,59 1,59 0,00 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,39 0,00 0,00 1,39 0,83 3,60 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,08 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,66 0,00 0,00 0,00 0,55 0,00 1,11 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 66,48 4,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,55 0,00 0,00 1,11 0,00 2,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,55 0,00 0,55 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 88,70 95,29 4,71 407 11,30 6,14 5,16 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 2,00 2,00 3,33 0,67 0,00 0,00 1,33 1,33 0,00 0,00 0,67 0,00 0,00 0,00 0,00 1,33 0,00 2,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 4,67 0,00 0,00 7,33 0,00 27,33 0,67 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,33 0,00 2,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00 1,33 0,00 2,67 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,33 0,00 0,00 1,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,67 2,00 0,00 0,00 0,67 0,67 0,00 0,67 0,67 100 300 46,15 74,00 26,00 325 53,85 3,69 50,15 0 0
RB-4 +10cm 10 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 33,33 0,00 0,00 0,00 0,00 0,00 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 3 0,00 0,00 0,00 0 0
(RB-4/5 B) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 88,24 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 94,12 5,88 34 0,00 0,00 0,00 2 0
>150μm 0,61 0,61 0,61 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,22 2,44 9,76 6,10 1,22 0,00 4,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,83 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,83 0,00 1,22 0,00 1,83 0,00 0,00 0,61 0,61 0,00 0,00 0,00 2,44 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,61 37,20 2,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,22 0,00 0,00 0,00 0,00 0,00 1,22 0,61 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,66 1,22 0,00 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,00 1,83 0,00 0,00 1,83 0,00 0,00 0,00 1,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,83 0,00 0,00 0,61 0,00 0,00 0,00 0,00 1,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 54,49 77,44 22,56 301 45,51 13,62 31,89 1 6
Danian >63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,48 0,00 0,00 0,00 1,65 0,83 0,00 0,00 0,00 0,83 1,65 0,00 0,00 6,61 0,00 0,00 1,65 1,65 2,48 0,00 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 2,48 1,65 1,65 0,00 0,00 0,00 0,00 0,00 1,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,49 0,00 4,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,83 0,83 0,00 0,00 0,00 12,40 0,00 0,00 3,31 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,31 0,00 0,00 0,00 0,83 0,00 0,00 4,13 100 400 39,80 68,60 25,62 304 60,20 6,91 53,29 0 0
MaastrichtianRB-4 Below Boundary -30 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 80,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 76 0,00 0,00 0,00 0 0
(RB-4/5 A) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,16 0,00 2,16 4,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,16 0,00 1,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 74,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,16 0,72 0,00 0,00 0,00 0,00 3,60 0,00 0,00 0,00 0,00 0,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,72 100 56,50 86,33 13,67 246 43,50 22,76 20,73 6 5
>150μm 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 3,77 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 2,83 0,00 3,77 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 66,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 2,83 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,94 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 26,43 77,36 22,64 401 73,57 37,41 36,16 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,92 0,00 13,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,49 0,00 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 21,57 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 400 16,35 86,27 13,73 312 83,65 6,09 77,56 0 0
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B
 
S
i
n
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l
e
θ
B
 
B
o
t
h
Maastrichtian RBW-1 -200 >500μm 21 21 21 0 0 0 0 0 0/21 0 0
>250μm 9 38 1 4 4 1 1 58 94 36 20 16 28 6 19/39 0 0
>150μm 3 1 2 1 3 2 14 1 3 1 1 1 1 50 3 2 1 4 2 3 99 293 194 59 135 9 0 32/67 0 0
>63μm 3 1 1 1 5 5 3 6 1 3 2 31 209 271 240 21 219 0 0 6/25 0 0
RBW-2 -300 >500μm 7 2 9 9 0 0 0 0 1 0/9 0 1
>250μm 1 3 3 9 3 1 2 22 123 101 89 12 15 0 10/15 3 0
>150μm 2 1 2 2 2 1 6 3 1 2 1 1 24 254 230 171 59 0 1 7/17 0 0
>63μm 1 4 5 2 7 5 1 6 3 2 1 1 1 2 2 43 98 259 216 52 164 0 0 1/42 0 0
RBW-3 -400 >500μm 1 15 2 1 19 19 0 0 0 0 0 1/18 0 0
>250μm 2 12 2 1 22 6 1 1 1 1 2 6 1 1 59 281 222 188 34 0 2 26/33 0 0
>150μm 2 2 3 2 1 1 1 11 4 1 1 1 1 1 1 2 1 36 268 232 169 63 0 0 20/36 0 0
>63μm 1 3 1 1 1 7 2 3 1 2 3 1 1 1 1 1 30 144 266 236 97 139 0 0 8/30 0 0
RBW-4 -500 >500μm 39 2 3 44 44 0 0 0 0 1 0/44 0 1
>250μm 5 5 4 53 6 1 1 45 4 1 5 2 3 1 1 4 4 145 256 111 84 27 13 1 88/57 2 1
>150μm 1 5 5 2 2 4 5 4 1 6 4 1 1 3 4 4 3 1 56 256 200 135 65 1 0 25/31 0 0
>63μm 1 2 1 1 8 3 4 1 2 1 1 2 2 2 1 1 1 34 279 260 226 129 97 0 0 12/23 0 0
RBW-5 -600 >500μm 1 29 2 1 1 34 34 0 0 0 0 2 0/34 0 1
>250μm 1 4 42 1 1 1 1 3 1 1 1 22 3 2 3 1 4 1 6 3 1 103 276 173 138 35 6 8 72/31 0 0
>150μm 1 1 3 2 1 1 4 1 6 2 4 8 2 36 276 240 172 68 0 0 22/36 0 0
>63μm 2 1 6 2 2 7 6 5 1 1 2 2 1 1 39 212 261 222 91 131 1 0 8/35 0 0
RBW-6 -700 >500μm 31 3 1 35 36 1 1 0 0 1 1/34 1 0
>250μm 1 3 3 32 2 40 3 1 7 1 1 1 95 264 169 139 30 3 0 52/44 1 0
>150μm 2 1 3 2 23 1 1 6 3 1 2 1 1 3 2 52 285 233 194 39 1 0 35/14 0 0
>63μm 2 4 1 1 1 1 4 3 8 9 4 1 5 2 1 3 1 3 1 1 1 1 1 1 3 1 1 65 247 264 199 108 91 1 0 14/51 0 0
RBW-7 -800 >500μm 20 3 23 23 0 0 0 0 0 0/23 0 0
>250μm 1 1 2 2 36 7 1 1 2 56 1 1 1 5 4 3 5 2 1 23 5 1 161 259 98 66 32 17 0 93/69 0 0
>150μm 7 2 13 1 3 1 1 3 5 3 37 9 85 265 180 129 51 0 0 65/20 0 0
>63μm 2 3 1 3 2 6 21 4 1 8 1 1 3 1 1 1 3 2 2 66 335 257 191 86 105 0 0 8/58 0 0
RBW-8 -900 >500μm 25 3 1 29 29 0 0 0 0 0 0/29 0 0
>250μm 4 2 3 60 5 2 1 33 1 2 5 3 3 2 3 9 3 15 156 253 97 71 26 9 0 113/43 1 0
>150μm 4 1 2 1 5 1 4 11 11 1 1 2 4 6 5 59 254 195 154 41 0 0 29/30 0 0
>63μm 1 1 5 1 1 1 9 12 5 2 8 6 6 3 2 2 2 67 311 257 190 81 109 0 0 12/55 0 0
RBW-9 -1000 >500μm 103 5 1 4 14 6 133 133 0 0 0 1 2 0/134 1 2
>250μm 2 4 6 41 1 1 6 81 10 2 1 4 4 3 4 1 2 2 175 255 80 68 12 5 1 72/103 3 0
>150μm 1 1 1 1 1 10 1 3 19 1 1 16 3 1 1 2 1 1 5 1 71 283 212 160 52 0 0 47/24 0 0
>63μm 2 2 10 3 8 4 3 1 4 4 1 2 1 2 1 48 427 281 233 92 141 0 0 15/34 0 0
RBW-10 -1200 >500μm 4 4 4 12 12 0 0 0 0 0 0/12 0 0
>250μm 1 2 15 2 1 1 7 2 31 44 13 10 3 0 0 14/17 0 0
>150μm 3 1 1 3 11 2 1 4 3 3 1 21 4 58 267 209 121 88 0 0 43/15 0 0
>63μm 4 3 1 1 1 83 3 2 2 5 12 2 1 120 221 261 141 37 104 0 0 26/94 0 0
RBW-11 -1400 >500μm 8 1 9 9 0 0 0 0 0 0/9 0 0
>250μm 1 2 2 1 1 30 3 1 1 1 1 3 4 2 1 4 28 3 89 252 163 137 26 1 0 54/38 0 0
>150μm 2 1 7 1 2 3 4 3 1 22 5 51 260 209 109 100 1 1 51/2 0 0
>63μm 3 2 4 3 1 1 30 1 5 1 9 5 65 214 256 191 40 151 0 0 23/42 0 0
RBW-12 -1550 >500μm 31 1 2 1 35 35 0 0 0 0 0 1/34 0 0
>250μm 3 1 1 9 1 1 3 2 3 3 6 1 2 34 2 9 8 1 3 2 1 2 4 10 8 120 256 136 97 39 7 2 79/40 4 0
>150μm 1 6 2 5 1 2 5 1 15 4 1 5 2 1 2 6 1 5 14 79 271 192 123 69 0 1 59/10 0 0
>63μm 1 1 9 10 2 1 1 2 15 1 2 2 2 1 2 1 53 287 270 217 77 140 0 0 8/45 0 0
RBW-13 -1700 >500μm 14 1 5 20 20 0 0 0 0 0 0/20 0 0
>250μm 4 7 29 2 2 3 4 51 264 213 143 70 2 0 22/29 0 0
>150μm 3 2 2 11 2 2 2 5 29 100 271 242 135 107 2 0 18/11 0 0
RBW-14 -1800 >500μm 25 1 26 26 0 0 0 0 0 0/26 0 0
>250μm 4 23 5 75 2 6 1 40 2 1 11 3 4 4 7 3 191 217 260 69 57 12 12 0 146/45 5 0
TOTAL 8 2 4 1 1 24 9 3 0 1 32 2 1 2 4 1 0 30 12 89 85 99 1 36 3 39 412 2 0 1 1 3 3 2 1 1 0 1 7 2 0 37 2 3 1 169 1 5 1 0 2 13 5 5 4 11 10 12 4 9 18 0 1 0 1 1044 57 1 1 1 0 1 3 0 1 1 0 16 5 1 1 31 1 24 32 1 1 8 4 2 2 0 4 17 38 1 29 20 23 0 1 14 4 0 33 79 3 2 4 1 7 26 1 252 78 0 3 3 8 1 5 1 1 0 1 11 0 3084 3084 9967 0 6883 4050 2902 0 0 135 30
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Maastrichtian RBW-1 -200 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 65,52 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 61,70 38,30 21,28 17,02 28 6 19 32,76 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,03 1,01 2,02 1,01 3,03 0,00 0,00 0,00 2,02 14,14 0,00 0,00 0,00 1,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,03 1,01 1,01 0,00 0,00 0,00 0,00 0,00 0,00 1,01 0,00 0,00 0,00 0,00 0,00 1,01 0,00 0,00 0,00 0,00 0,00 50,51 3,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,02 0,00 0,00 0,00 0,00 0,00 0,00 1,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,04 0,00 0,00 0,00 0,00 2,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 33,79 66,21 20,14 46,08 9 0 32 32,32 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 9,68 0,00 0,00 0,00 3,23 0,00 0,00 0,00 3,23 3,23 0,00 0,00 16,13 16,13 9,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,23 0,00 0,00 0,00 0,00 0,00 9,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 400,00 11,44 88,56 7,75 80,81 0 0 6 19,35 0 0
RBW-2 -300 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 77,78 22,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 1 0 0,00 0 1
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 0,00 0,00 13,64 0,00 13,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 40,91 13,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 17,89 82,11 72,36 9,76 15 0 10 45,45 3 0
>150μm 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,17 8,33 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 4,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,17 0,00 0,00 0,00 0,00 0,00 4,17 100,00 9,45 90,55 67,32 23,23 0 1 7 29,17 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 0,00 9,30 0,00 0,00 0,00 0,00 0,00 11,63 4,65 16,28 11,63 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,95 0,00 6,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,65 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,65 0,00 0,00 0,00 0,00 0,00 4,65 100,00 400,00 16,60 83,40 20,08 63,32 0 0 1 2,33 0 0
RBW-3 -400 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 78,95 10,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 1 5,26 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 0,00 0,00 20,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,29 10,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 1,69 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 0,00 0,00 0,00 3,39 0,00 0,00 0,00 0,00 10,17 0,00 0,00 0,00 0,00 0,00 1,69 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 21,00 79,00 66,90 12,10 0 2 26 44,07 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 5,56 0,00 8,33 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 2,78 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 2,78 0,00 0,00 5,56 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 13,43 86,57 63,06 23,51 0 0 20 55,56 0 0
>63μm 3,33 0,00 0,00 0,00 0,00 10,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00 0,00 0,00 3,33 3,33 23,33 6,67 10,00 0,00 0,00 0,00 3,33 6,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,00 0,00 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 100,00 400,00 11,28 88,72 36,47 52,26 0 0 8 26,67 0 0
RBW-4 -500 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 88,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 0,00 6,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 1 0 0,00 0 1
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 3,45 0,00 2,76 36,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,14 0,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,69 0,00 31,03 2,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,69 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,38 0,00 0,00 0,00 2,07 0,00 0,69 0,00 0,69 2,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 56,64 43,36 32,81 10,55 13 1 88 60,69 2 1
>150μm 0,00 0,00 0,00 0,00 0,00 1,79 0,00 0,00 0,00 8,93 0,00 0,00 0,00 0,00 0,00 8,93 0,00 3,57 3,57 7,14 0,00 0,00 0,00 8,93 7,14 1,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,71 0,00 0,00 0,00 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,79 0,00 0,00 1,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,36 0,00 0,00 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,14 5,36 0,00 0,00 1,79 0,00 0,00 0,00 0,00 0,00 0,00 100,00 21,88 78,13 52,73 25,39 1 0 25 44,64 0 0
>63μm 2,94 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 2,94 0,00 23,53 8,82 11,76 0,00 0,00 0,00 2,94 5,88 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 2,94 0,00 0,00 0,00 0,00 0,00 100,00 400,00 13,08 86,92 49,62 37,31 0 0 12 35,29 0 0
RBW-5 -600 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 85,29 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 2 0 0,00 0 1
>250μm 0,00 0,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,88 0,00 0,00 40,78 0,00 0,97 0,00 0,00 0,97 0,97 0,97 0,00 0,00 0,00 0,00 2,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,97 0,00 0,00 0,97 0,00 0,97 0,00 0,00 0,00 0,00 0,00 0,00 21,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,91 1,94 0,00 0,00 0,00 0,00 0,00 2,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,97 0,00 0,00 0,00 0,00 3,88 0,00 0,00 0,00 0,00 0,97 0,00 0,00 5,83 2,91 0,00 0,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 37,32 62,68 50,00 12,68 6 8 72 69,90 0 0
>150μm 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 8,33 0,00 0,00 0,00 5,56 2,78 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 2,78 0,00 0,00 0,00 16,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,22 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 13,04 86,96 62,32 24,64 0 0 22 61,11 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 5,13 0,00 2,56 0,00 15,38 0,00 0,00 0,00 5,13 0,00 5,13 0,00 17,95 15,38 12,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,13 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,56 100,00 400,00 14,94 85,06 34,87 50,19 1 0 8 20,51 0 0
RBW-6 -700 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 88,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,86 0,00 0,00 0,00 100,00 97,22 2,78 2,78 0,00 0 1 1 2,86 1 0
>250μm 1,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,16 0,00 3,16 0,00 0,00 33,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 42,11 3,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 0,00 7,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 0,00 100,00 35,98 64,02 52,65 11,36 3 0 52 54,74 1 0
>150μm 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 5,77 0,00 0,00 0,00 3,85 44,23 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,54 5,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 3,85 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 5,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 18,25 81,75 68,07 13,68 1 0 35 67,31 0 0
>63μm 3,08 0,00 0,00 0,00 0,00 6,15 0,00 1,54 0,00 1,54 1,54 0,00 1,54 0,00 0,00 6,15 4,62 12,31 13,85 6,15 0,00 1,54 0,00 0,00 7,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,08 0,00 0,00 0,00 0,00 1,54 4,62 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,62 1,54 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,00 1,54 0,00 4,62 0,00 0,00 1,54 1,54 100,00 400,00 24,62 75,38 40,91 34,47 1 0 14 21,54 0 0
RBW-7 -800 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 86,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,62 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,00 1,24 22,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,62 0,00 1,24 0,00 0,00 0,00 0,00 34,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,62 0,62 0,00 3,11 2,48 0,00 0,00 0,00 1,86 3,11 0,00 0,00 0,00 0,00 0,00 1,24 0,62 14,29 3,11 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 62,16 37,84 25,48 12,36 17 0 93 57,76 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,29 1,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,53 0,00 1,18 0,00 1,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,53 5,88 0,00 0,00 0,00 0,00 0,00 3,53 0,00 43,53 10,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 32,08 67,92 48,68 19,25 0 0 65 76,47 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 3,03 0,00 0,00 0,00 4,55 0,00 0,00 1,52 0,00 0,00 4,55 3,03 9,09 31,82 6,06 0,00 0,00 0,00 1,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,12 1,52 0,00 1,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 0,00 1,52 1,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 0,00 0,00 0,00 3,03 0,00 0,00 0,00 0,00 0,00 3,03 100,00 400,00 25,68 74,32 33,46 40,86 0 0 8 12,12 0 0
RBW-8 -900 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 86,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,34 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,56 0,00 1,28 0,00 1,92 38,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 21,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,64 0,00 0,00 0,00 1,28 0,00 0,00 3,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 1,92 0,00 1,28 0,00 1,92 5,77 0,00 0,00 0,00 0,00 0,00 1,92 0,00 9,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 61,66 38,34 28,06 10,28 9 0 113 72,44 1 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 3,39 0,00 0,00 0,00 1,69 8,47 0,00 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,78 0,00 0,00 18,64 0,00 0,00 18,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 1,69 0,00 0,00 0,00 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,17 8,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 23,23 76,77 60,63 16,14 0 0 29 49,15 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 1,49 0,00 0,00 1,49 7,46 1,49 0,00 0,00 1,49 0,00 0,00 1,49 13,43 17,91 7,46 0,00 0,00 0,00 2,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,96 0,00 0,00 8,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,48 2,99 0,00 0,00 0,00 0,00 2,99 0,00 0,00 0,00 2,99 100,00 400,00 26,07 73,93 31,52 42,41 0 0 12 17,91 0 0
RBW-9 -1000 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 77,44 3,76 0,00 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,01 0,00 10,53 4,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 1 2 0 0,00 1 2
>250μm 0,00 0,00 1,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,29 0,00 3,43 0,00 0,00 23,43 0,00 0,00 0,00 0,00 0,00 0,57 0,00 0,57 0,00 0,00 0,00 3,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 46,29 5,71 0,00 0,00 0,00 0,00 1,14 0,00 0,00 0,00 0,57 0,00 0,00 2,29 0,00 0,00 2,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,71 0,00 0,00 2,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,57 0,00 1,14 0,00 1,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 68,63 31,37 26,67 4,71 5 1 72 41,14 3 0
>150μm 0,00 0,00 0,00 0,00 0,00 1,41 1,41 1,41 0,00 1,41 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,08 0,00 1,41 0,00 4,23 26,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,23 0,00 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 1,41 0,00 2,82 0,00 0,00 0,00 0,00 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,41 0,00 7,04 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 25,09 74,91 56,54 18,37 0 0 47 66,20 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,17 4,17 20,83 6,25 16,67 0,00 0,00 0,00 8,33 6,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,08 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 2,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,08 4,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 400,00 17,08 82,92 32,74 50,18 0 0 15 31,25 0 0
RBW-10 -1200 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 33,33 0,00 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,23 0,00 6,45 0,00 0,00 0,00 0,00 48,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,23 0,00 0,00 0,00 3,23 0,00 0,00 0,00 0,00 22,58 6,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 70,45 29,55 22,73 6,82 0 0 14 45,16 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 5,17 0,00 0,00 0,00 0,00 0,00 0,00 18,97 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 6,90 5,17 5,17 0,00 0,00 0,00 1,72 0,00 0,00 36,21 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 21,72 78,28 45,32 32,96 0 0 43 74,14 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 0,83 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 69,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 0,00 0,00 1,67 0,00 0,00 1,67 4,17 0,00 10,00 1,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 100,00 400,00 45,98 54,02 14,18 39,85 0 0 26 21,67 0 0
RBW-11 -1400 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 88,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,25 0,00 0,00 0,00 0,00 2,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 33,71 3,37 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 1,12 0,00 0,00 0,00 3,37 0,00 0,00 0,00 0,00 4,49 0,00 0,00 2,25 1,12 0,00 4,49 0,00 31,46 3,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 35,32 64,68 54,37 10,32 1 0 54 60,67 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,92 0,00 1,96 0,00 0,00 13,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,84 5,88 0,00 0,00 0,00 0,00 1,96 0,00 0,00 43,14 9,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 19,62 80,38 41,92 38,46 1 1 51 100,00 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 4,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,08 0,00 6,15 4,62 1,54 0,00 0,00 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 46,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,69 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 13,85 7,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 400,00 25,39 74,61 15,63 58,98 0 0 23 35,38 0 0
RBW-12 -1550 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 88,57 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 1 2,86 0 0
>250μm 2,50 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 7,50 0,00 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 2,50 1,67 2,50 2,50 5,00 0,83 1,67 0,00 0,00 0,00 0,00 0,00 28,33 1,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,50 0,00 6,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 2,50 1,67 0,00 0,00 0,83 0,00 0,00 0,00 0,00 1,67 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 6,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 46,88 53,13 37,89 15,23 7 2 79 65,83 4 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,27 0,00 0,00 0,00 7,59 0,00 0,00 0,00 2,53 6,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,53 0,00 0,00 0,00 0,00 0,00 0,00 6,33 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,99 0,00 0,00 0,00 0,00 5,06 0,00 0,00 1,27 6,33 0,00 0,00 0,00 0,00 2,53 0,00 1,27 0,00 2,53 7,59 0,00 0,00 0,00 0,00 1,27 0,00 0,00 6,33 17,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 29,15 70,85 45,39 25,46 0 1 59 74,68 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 16,98 18,87 3,77 0,00 1,89 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 3,77 0,00 0,00 0,00 0,00 0,00 28,30 0,00 0,00 0,00 1,89 3,77 0,00 3,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 3,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 400,00 19,63 80,37 28,52 51,85 0 0 8 15,09 0 0
RBW-13 -1700 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 70,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,84 0,00 0,00 13,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 56,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,92 3,92 0,00 0,00 0,00 0,00 0,00 5,88 0,00 7,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 19,32 80,68 54,17 26,52 2 0 22 43,14 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,34 0,00 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 0,00 0,00 0,00 0,00 6,90 0,00 17,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 300,00 10,70 89,30 49,82 39,48 2 0 18 62,07 0 0
RBW-14 -1800 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 96,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,09 0,00 12,04 0,00 2,62 39,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 3,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,52 0,00 0,00 0,00 0,00 0,00 0,00 20,94 1,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,52 0,00 0,00 0,00 0,00 0,00 0,00 5,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,57 2,09 0,00 0,00 0,00 0,00 0,00 2,09 0,00 3,66 1,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 200,00 73,46 26,54 21,92 4,62 12 0 146 76,44 5 0
TOTAL 12,90 1,80 2,89 0,62 2,78 59,06 11,24 5,51 0,00 1,49 64,85 3,03 1,41 3,05 9,85 3,23 0,00 56,09 22,30 188,81 163,22 184,59 5,26 58,96 13,64 65,62 488,73 4,73 0,00 0,97 1,89 3,54 5,67 1,54 0,97 0,57 0,00 0,83 12,33 8,33 0,00 36,83 1,70 3,11 1,54 232,40 1,52 11,85 1,52 0,00 3,01 23,06 5,73 6,27 3,47 14,24 15,84 23,79 7,69 19,37 28,24 0,00 0,69 0,00 2,94 1994,25 110,38 1,52 1,52 2,08 0,00 1,12 1,89 0,00 1,54 1,69 0,00 24,82 5,99 1,18 1,92 46,29 2,78 28,43 37,34 1,89 1,54 19,28 5,06 7,11 2,95 0,00 6,29 28,10 115,08 0,62 88,43 16,11 22,50 0,00 1,54 27,47 7,57 0,00 45,85 113,46 5,17 1,67 8,33 1,12 10,37 35,44 0,62 357,52 114,17 0,00 1,76 10,06 21,96 2,94 7,60 2,86 1,05 0,00 1,54 23,10 0,00 5300,00 5300,00 2588,84 0,00 2711,16 1597,72 1113,44 0,00 0,00 135,00 30,00 0,00
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Maastrichtian RBN-1 90 >500μm 1 38 5 3 47 0 0 0 0 0 0/47 0 0
>250μm 1 2 2 9 1 2 1 1 50 12 1 2 1 1 5 2 93 214 91 123 31 7 19/47 0 0
>150μm 1 1 1 6 3 3 3 2 6 1 1 1 29 279 39 240 8 0 9/20 0 0
>63μm 1 4 12 6 4 2 3 1 33 202 284 12 272 0 0 4/30 0 0
RBN-2 60 >500μm 1 39 2 42 0 0 0 0 0 0/42 0 0
>250μm 1 1 3 4 4 59 5 2 4 1 1 8 2 1 2 98 198 167 31 8 0 18/81 0 0
>150μm 1 1 4 1 1 6 1 1 7 1 1 25 318 129 189 0 0 7/18 0 0
>63μm 2 5 1 1 13 1 1 3 27 192 272 48 224 1 0 1/26 0 0
RBN-4 0 >500μm 52 4 56 0 0 0 0 0 0/56 0 0
>250μm 5 1 4 1 65 2 5 1 2 2 1 3 92 217 183 34 34 1 12/80 0 0
>150μm 1 3 7 4 2 1 2 4 1 25 282 117 165 5 0 4/21 0 0
>63μm 1 2 1 3 9 9 1 1 1 2 2 5 37 210 285 36 249 0 0 1/36 0 0
TOTAL 1 0 4 2 1 0 5 1 18 43 7 2 15 0 1 1 0 1 0 2 8 1 36 0 1 0 3 316 25 0 1 0 11 9 8 1 5 1 36 1 2 5 11 1 0 8 1 2 0 1 2 0 2 1 0 1 0 604 604 0 0 0 0 0 2349 822 1527 0 0 87 8 0 0
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Maastrichtian RBN-1 90 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 80,85 10,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 47,00 47,00 0,00 0,00 0,00 0,00 0 0 0 0,00 100,00
>250μm 0,00 0,00 0,00 0,00 1,08 0,00 2,15 0,00 0,00 2,15 9,68 0,00 1,08 0,00 2,15 0,00 0,00 0,00 1,08 1,08 53,76 12,90 1,08 0,00 2,15 1,08 1,08 0,00 0,00 5,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,15 0,00 0,00 100 30,29 307,00 93,00 69,71 214,00 29,64 40,07 31 7 19 20,43 79,57
>150μm 0,00 0,00 3,45 0,00 3,45 0,00 3,45 20,69 10,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,34 0,00 0,00 10,34 0,00 0,00 0,00 6,90 0,00 0,00 0,00 0,00 20,69 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 3,45 100 9,42 308,00 29,00 90,58 279,00 12,66 77,92 8 0 9 31,03 68,97
>63μm 0,00 0,00 0,00 3,03 0,00 0,00 12,12 36,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,12 0,00 0,00 6,06 9,09 0,00 0,00 0,00 0,00 0,00 3,03 0,00 0,00 0,00 100 10,41 317,00 33,00 89,59 284,00 3,79 85,80 0 0 4 12,12 87,88
RBN-2 60 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 92,86 4,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 42,00 42,00 0,00 0,00 0,00 0,00 0 0 0 0,00 100,00
>250μm 1,02 0,00 0,00 0,00 0,00 0,00 1,02 3,06 4,08 0,00 0,00 0,00 0,00 0,00 0,00 4,08 0,00 0,00 0,00 0,00 60,20 0,00 0,00 5,10 2,04 4,08 0,00 1,02 1,02 8,16 0,00 0,00 0,00 0,00 0,00 2,04 1,02 2,04 0,00 0,00 0,00 0,00 0,00 100 33,11 296,00 98,00 66,89 198,00 56,42 10,47 8 0 18 18,37 81,63
>150μm 0,00 4,00 4,00 0,00 0,00 0,00 16,00 4,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 0,00 0,00 24,00 0,00 0,00 0,00 0,00 4,00 0,00 4,00 0,00 28,00 0,00 0,00 0,00 0,00 4,00 0,00 0,00 0,00 0,00 4,00 0,00 0,00 0,00 100 7,29 343,00 25,00 92,71 318,00 37,61 55,10 0 0 7 28,00 72,00
>63μm 0,00 7,41 0,00 0,00 0,00 0,00 0,00 18,52 0,00 0,00 3,70 0,00 0,00 3,70 0,00 0,00 0,00 48,15 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 9,03 299,00 27,00 90,97 272,00 16,05 74,92 1 0 1 3,70 96,30
RBN-4 0 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 92,86 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 56,00 56,00 0,00 0,00 0,00 0,00 0 0 0 0,00 100,00
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,43 1,09 0,00 0,00 0,00 4,35 1,09 0,00 0,00 0,00 70,65 2,17 0,00 5,43 1,09 2,17 0,00 2,17 0,00 1,09 0,00 0,00 0,00 0,00 0,00 3,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 29,77 309,00 92,00 70,23 217,00 59,22 11,00 34 1 12 13,04 86,96
>150μm 0,00 0,00 0,00 0,00 4,00 0,00 12,00 28,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,00 0,00 0,00 8,00 0,00 0,00 4,00 8,00 0,00 0,00 0,00 0,00 16,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 0,00 100 8,14 307,00 25,00 91,86 282,00 38,11 53,75 5 0 4 16,00 84,00
>63μm 0,00 2,70 0,00 0,00 5,41 2,70 8,11 24,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 24,32 0,00 0,00 2,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,70 2,70 5,41 5,41 13,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 11,49 322,00 37,00 88,51 285,00 11,18 77,33 0 0 1 2,70 97,30
TOTAL 1,02 0,00 14,11 7,45 3,03 0,00 13,93 2,70 54,85 134,96 14,43 2,15 18,82 0,00 1,09 1,08 0,00 0,17 0,00 0,33 1,32 0,17 121,00 0,00 0,17 0,00 5,58 499,94 37,62 0,00 1,08 0,00 14,54 20,17 11,33 1,08 10,90 1,02 94,14 2,70 5,41 14,91 33,72 4,00 0,00 11,68 1,02 2,04 0,00 3,45 7,03 0,00 2,15 4,00 0,00 3,45 0 1200 448,95 2953,00 604,00 751,05 2349,00 264,69 486,36 0 0 87 8
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c
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c
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i
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c
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c
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p
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c
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c
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c
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u
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u
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P
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P
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P
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P
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c
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c
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p
l
u
m
m
e
r
a
e
P
s
e
u
d
o
u
v
i
g
e
r
i
n
a
 
c
r
e
t
a
c
e
a
P
s
e
u
d
o
u
v
i
g
e
r
i
n
a
 
s
e
l
i
g
i
P
s
e
u
d
o
u
v
i
g
e
r
i
n
a
 
s
p
.
P
u
l
v
i
n
u
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u
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e
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e
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b
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i
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c
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c
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a
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u
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b
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c
f
.
 
V
.
 
u
m
b
i
l
i
c
a
t
u
l
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V
a
l
v
u
l
i
n
e
r
i
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c
r
e
t
a
c
e
a
V
a
l
v
u
l
i
n
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r
i
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i
n
f
r
e
q
u
e
n
s
V
i
r
g
u
l
i
n
a
 
n
a
v
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o
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a
V
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r
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u
l
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V
i
r
g
u
l
i
n
a
 
t
e
g
u
l
a
t
a
A
g
g
.
 
s
p
.
 
i
n
d
.
B
e
n
t
h
i
c
 
s
p
.
 
I
n
d
.
S
u
b
t
o
t
a
l
B
e
n
t
h
i
c
 
T
o
t
a
l
T
o
t
a
l
P
l
a
n
k
t
i
c
 
C
o
u
n
t
P
l
a
n
k
t
i
c
 
T
o
t
a
l
"
G
l
o
b
u
l
a
r
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p
l
a
n
k
t
i
c
 
t
a
x
a
H
e
t
e
r
o
h
e
l
i
c
i
d
s
M
i
s
c
.
A
g
g
l
u
t
i
n
a
t
e
d
 
b
e
n
t
h
i
c
 
s
p
p
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/
N
o
n
-
a
g
g
l
u
t
i
n
a
t
e
d
 
b
e
n
t
h
i
c
 
s
p
p
.
CMC 32 550 >500μm 42 8 4 24 12 17 9 116 116 0 0 0 0/116
>250μm 7 1 1 3 3 1 2 1 2 4 1 2 7 60 7 2 12 2 3 6 1 1 17 4 3 23 8 37 221 224 3 3 0 0/211
>150μm 6 3 7 3 3 5 2 2 4 1 1 3 1 5 16 2 8 5 3 1 1 1 4 5 2 3 4 101 438 176 75 72 3 2/99
CMC 31 500 >500μm 22 19 10 51 51 0 0 0 0/51
>250μm 2 2 1 2 1 1 1 1 9 4 5 49 2 2 1 8 2 3 8 1 5 20 3 6 1 1 141 143 2 2 0 0/141
>150μm 12 3 3 2 1 2 6 2 1 4 1 1 1 2 10 53 2 2 23 6 7 3 1 1 149 235 86 84 2 2/147
>63μm 17 8 4 5 3 1 5 3 4 29 2 1 3 14 3 10 8 2 122 463 253 131 122 9 0/122
CMC 30 450 >500μm 1 1 2 2 0 0 0 0/2
>250μm 1 19 3 2 1 1 27 27 0 0 0 0/27
>150μm 9 6 19 6 4 5 5 22 1 1 2 3 12 2 1 17 12 3 1 1 1 2 11 6 3 6 161 226 65 62 3 0/161
>63μm 5 6 2 2 3 5 3 2 2 6 2 26 2 3 2 2 3 1 6 2 85 275 283 198 169 29 0/198
CMC 23 210 >500μm 1 5 1 2 3 10 2 12 14 16 66 66 0 0 0 3/63
>250μm 2 1 1 1 4 2 6 1 11 15 4 2 4 1 2 3 51 4 2 2 4 1 3 2 9 5 2 1 36 182 248 182 0 0 0 0/182
CMC 9 40 >500μm 3 3 3 0 0 0 0/3
>250μm 3 1 12 2 1 1 27 13 5 27 2 1 1 96 96 0 0 0 34/62
>150μm 6 4 2 1 2 22 3 7 43 2 1 3 8 30 68 8 1 1 1 3 2 3 14 3 6 8 4 1 13 270 279 9 4 5 43/227
>63μm 3 6 4 2 6 2 1 2 6 3 130 4 2 2 5 1 2 9 13 3 2 2 1 3 1 1 3 7 2 8 2 25 1 2 4 12 2 3 287 656 395 108 19 89 15/272
CMC 5 20 >500μm 0 0 0 0 0 0/0
>250μm 2 18 38 22 12 1 8 31 5 1 16 1 2 4 161 161 0 0 0 117/24
>150μm 8 11 4 5 1 3 1 2 3 1 3 1 1 4 13 58 12 19 1 2 1 4 1 4 1 164 215 51 8 43 111/53
>63μm 3 3 2 1 2 8 14 2 2 23 3 1 20 3 2 1 1 3 2 1 3 2 102 427 248 146 24 122 8/94
CMC 1b 0 >500μm 0 0 0 0 0 0/0
>250μm 0 0 0 0 0 0/0
Danian >150μm 2 2 5 2 3 1 1 2 18 18 53 35 14 21 2/16
Maatrichtian CMC 11 -55 >500μm 79 3 1 3 86 86 0 0 0 0/86
>250μm 5 3 27 40 4 1 5 1 1 1 2 2 92 236 144 116 28 39/53
>150μm 1 2 2 2 3 3 12 1 2 1 1 9 2 3 3 4 1 1 1 1 3 3 61 255 194 78 116 26/35
>63μm 1 1 3 7 1 2 6 1 2 1 1 1 1 28 267 244 216 61 155 2/26
CMC 10 -70 >500μm 87 2 1 3 3 2 98 98 0 0 0 0/96
>250μm 1 1 8 2 4 44 2 3 49 6 1 10 1 2 2 2 2 1 141 250 109 86 23 88/53
>150μm 2 1 1 2 15 11 2 3 1 2 9 49 248 199 88 111 30/19
>63μm 3 2 2 15 3 3 9 1 3 2 1 2 1 47 335 291 244 38 206 6/41
TOTAL 13 19 61 26 25 74 23 1 44 29 11 0 5 9 2 1 7 3 1 9 3 1 0 2 12 23 54 210 21 6 2 16 109 0 8 13 1 3 8 5 41 1 2 0 11 20 5 2 9 7 3 13 74 0 1 2 1 1 0 2 2 13 39 1 197 0 30 143 22 0 2 1 711 49 3 12 2 12 10 3 8 8 0 2 8 1 21 5 2 2 15 0 80 1 2 0 4 15 12 6 1 3 2 3 3 2 1 16 1 34 3 1 3 59 16 12 24 13 0 47 8 0 0 13 6 60 30 3 0 9 1 1 4 46 0 1 3 7 12 8 0 100 2 5 6 2 1 18 21 2 8 0 3 4 0 3127 3127 5142 0 2015 1050 965 0 0
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CMC 32 550 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 36,21 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 20,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,34 0,00 0,00 0,00 0,00 0,00 14,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0
>250μm 0,00 0,00 0,00 0,00 0,00 3,17 0,45 0,00 0,00 0,45 1,36 0,00 0,00 0,00 0,00 1,36 0,00 0,45 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,90 0,00 0,00 0,00 0,00 1,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,90 3,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 27,15 3,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,90 0,00 5,43 0,00 0,90 0,00 1,36 2,71 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,69 1,81 0,00 0,00 1,36 0,00 10,41 3,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 98,66 101,34 1,34 1,34 0,00 0,00 0
>150μm 0,00 0,00 0,00 0,00 0,00 5,94 0,00 0,00 0,00 2,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,93 2,97 0,00 2,97 0,00 0,00 0,00 0,00 0,00 4,95 1,98 0,00 0,00 1,98 0,00 3,96 0,00 0,00 0,99 0,00 0,00 0,00 0,00 0,99 0,00 0,00 2,97 0,00 0,00 0,00 0,00 0,00 0,00 0,99 4,95 0,00 15,84 0,00 1,98 0,00 0,00 0,00 7,92 0,00 0,00 0,00 0,00 0,00 4,95 0,00 2,97 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,99 0,00 3,96 0,00 4,95 1,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,97 0,00 0,00 0,00 3,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 57,39 142,61 42,61 40,91 1,70 1,98 2
CMC 31 500 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 43,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0
>250μm 0,00 0,00 0,00 0,00 0,00 1,42 0,00 0,00 1,42 0,71 1,42 0,00 0,00 0,00 0,00 0,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,71 0,71 0,00 0,71 6,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,84 3,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 34,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,42 0,00 1,42 0,71 0,00 0,00 0,00 5,67 0,00 0,00 1,42 0,00 2,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,67 0,00 0,00 0,00 0,71 3,55 14,18 0,00 2,13 4,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,71 0,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 98,60 101,40 1,40 1,40 0,00 0,00 0
>150μm 0,00 0,00 0,00 0,00 0,00 8,05 2,01 0,00 0,00 2,01 1,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 1,34 4,03 0,00 0,00 0,00 0,00 0,00 1,34 0,00 0,00 0,00 0,00 0,67 2,68 0,00 0,00 0,67 0,00 0,67 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,34 6,71 0,00 35,57 0,00 1,34 0,00 1,34 0,00 15,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,03 4,70 0,00 2,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,67 0,00 0,00 0,00 0,00 0,00 100,00 63,40 136,60 36,60 35,74 0,85 1,34 2
>63μm 0,00 0,00 0,00 0,00 0,00 13,93 0,00 0,00 6,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,28 0,00 0,00 0,00 0,00 0,00 4,10 2,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,82 0,00 0,00 0,00 4,10 0,00 0,00 0,00 0,00 0,00 2,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,28 0,00 23,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,64 0,00 0,82 2,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,48 2,46 0,00 8,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,64 0,00 0,00 100,00 48,22 151,78 51,78 48,22 3,56 0,00 0
CMC 30 450 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 50,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 50,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 70,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 7,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 3,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0
>150μm 0,00 0,00 0,00 0,00 0,00 5,59 3,73 0,00 11,80 3,73 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,11 3,11 13,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,62 0,00 0,00 1,24 0,00 0,00 0,00 1,86 0,00 0,00 7,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,62 0,00 10,56 0,00 0,00 0,00 0,00 0,00 7,45 1,86 0,00 0,00 0,00 0,00 0,62 0,00 0,62 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,83 3,73 0,00 1,86 3,73 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 71,24 128,76 28,76 27,43 1,33 0,00 0
>63μm 0,00 0,00 0,00 0,00 0,00 5,88 0,00 0,00 7,06 2,35 0,00 0,00 0,00 0,00 0,00 2,35 3,53 0,00 5,88 0,00 0,00 0,00 0,00 0,00 3,53 2,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,35 0,00 0,00 0,00 7,06 2,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,35 0,00 3,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,35 0,00 0,00 3,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,06 0,00 2,35 0,00 0,00 100,00 30,04 169,96 69,96 59,72 10,25 0,00 0
CMC 23 210 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,52 3,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 15,15 3,03 18,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 24,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 4,55 3
>250μm 0,00 0,00 0,00 0,00 0,00 1,10 0,00 0,55 0,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,55 0,00 0,00 0,00 0,00 0,00 0,00 2,20 0,00 1,10 3,30 0,55 6,04 0,00 0,00 0,00 8,24 2,20 1,10 0,00 2,20 0,00 0,00 0,00 0,00 0,00 0,00 0,55 0,00 0,00 1,10 1,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 28,02 2,20 0,00 1,10 0,00 0,00 0,00 0,00 0,00 0,00 1,10 2,20 0,55 1,65 0,00 0,00 1,10 4,95 2,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0
CMC 9 40 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0
>250μm 3,13 1,04 12,50 0,00 0,00 2,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 28,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,54 5,21 0,00 0,00 28,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,04 0,00 0,00 1,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 35,42 34
>150μm 0,00 0,00 0,00 0,00 2,22 1,48 0,00 0,00 0,74 0,00 0,00 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 8,15 0,00 0,00 0,00 0,00 0,00 0,00 1,11 0,00 0,00 0,00 0,00 2,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,37 1,11 2,96 11,11 0,00 0,00 0,00 25,19 2,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,37 1,11 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 1,11 0,00 0,00 0,00 5,19 0,00 0,00 0,00 1,11 0,00 0,00 0,00 0,00 2,22 0,00 0,00 2,96 0,00 0,00 0,00 0,00 0,00 1,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,37 4,81 0,00 0,00 0,00 0,00 0,00 100,00 96,77 103,23 3,23 1,43 1,79 15,93 43
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 2,09 1,39 0,00 0,70 2,09 0,70 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 2,09 1,05 45,30 0,00 1,39 0,70 0,70 1,74 0,00 0,00 0,00 0,00 0,00 0,00 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,00 0,00 3,14 0,00 0,00 0,00 0,00 0,00 4,53 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 0,00 0,35 1,05 0,00 0,00 0,00 0,00 0,35 0,00 0,35 1,05 0,00 2,44 0,70 0,00 0,00 2,79 0,00 0,00 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,71 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,70 0,00 1,39 4,18 0,70 1,05 0,00 0,00 100,00 72,66 127,34 27,34 4,81 22,53 5,23 15
CMC 5 20 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0
>250μm 1,24 11,18 23,60 13,66 7,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,97 19,25 3,11 0,00 0,62 9,94 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,00 0,00 0,00 0,00 0,00 2,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 72,67 117
>150μm 4,88 0,00 6,71 2,44 3,05 0,00 0,61 0,00 0,00 1,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 1,22 1,83 0,61 0,00 0,00 0,00 1,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,00 2,44 7,93 35,37 7,32 0,00 0,00 11,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 1,22 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 2,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,61 0,00 0,00 2,44 0,00 0,00 0,00 0,00 0,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 76,28 123,72 23,72 3,72 20,00 67,68 111
>63μm 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 2,94 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,00 0,00 1,96 0,00 7,84 13,73 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 22,55 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,61 0,00 0,00 2,94 0,00 0,00 1,96 0,00 0,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,98 2,94 1,96 100,00 41,13 158,87 58,87 9,68 49,19 7,84 8
CMC 1b 0 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0
Danian >150μm 0,00 0,00 0,00 0,00 11,11 11,11 27,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,67 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 100,00 33,96 166,04 66,04 26,42 39,62 11,11 2
Maatrichtian CMC 11 -55 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 91,86 3,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,43 0,00 0,00 3,26 29,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 43,48 4,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,09 5,43 1,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,09 0,00 1,09 2,17 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 38,98 161,02 61,02 49,15 11,86 42,39 39
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 1,64 0,00 0,00 3,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,28 3,28 0,00 4,92 0,00 0,00 4,92 19,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,28 1,64 1,64 0,00 0,00 0,00 14,75 3,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,92 6,56 0,00 1,64 1,64 0,00 1,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,64 0,00 0,00 0,00 0,00 4,92 0,00 4,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 23,92 176,08 76,08 30,59 45,49 42,62 26
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,57 0,00 0,00 0,00 0,00 0,00 3,57 0,00 0,00 0,00 0,00 0,00 0,00 10,71 0,00 25,00 3,57 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,57 0,00 0,00 0,00 0,00 7,14 3,57 3,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 11,48 188,52 88,52 25,00 63,52 7,14 2
CMC 10 -70 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 88,78 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,02 0,00 0,00 0,00 0,00 0,00 3,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,06 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,71 0,00 0,00 0,00 0,00 0,00 5,67 1,42 0,00 2,84 31,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 0,00 0,00 34,75 4,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,71 0,00 0,00 7,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,71 0,00 1,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,42 1,42 0,00 1,42 0,00 0,00 0,00 0,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 56,40 143,60 43,60 34,40 9,20 62,41 88
>150μm 0,00 0,00 0,00 0,00 0,00 4,08 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 4,08 30,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 4,08 18,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 19,76 180,24 80,24 35,48 44,76 61,22 30
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 6,38 0,00 0,00 4,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,26 31,91 6,38 0,00 0,00 0,00 0,00 6,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,38 0,00 4,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 0,00 0,00 0,00 4,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 0,00 0,00 0,00 100,00 16,15 183,85 83,85 13,06 70,79 12,77 6
TOTAL 9,25 12,22 42,81 16,10 23,84 67,49 43,65 0,55 30,22 28,59 6,60 0,00 3,64 4,42 0,70 0,35 7,99 3,53 0,45 9,16 1,89 0,71 0,00 0,70 19,61 18,76 93,49 104,98 26,44 2,81 0,70 17,76 120,79 0,00 6,75 8,75 0,71 1,81 5,28 3,37 24,44 1,64 1,42 0,00 9,35 15,82 2,87 1,10 8,92 5,54 2,46 8,12 47,63 0,00 1,52 3,03 0,45 0,55 0,00 0,70 1,96 8,42 28,98 0,37 189,42 0,00 17,50 89,30 15,63 0,00 1,34 0,62 812,55 40,68 4,55 16,25 3,03 18,18 9,56 1,05 7,94 5,75 0,00 1,10 4,52 0,55 11,94 6,00 0,90 1,10 7,92 0,00 151,40 0,99 0,70 0,00 2,96 24,53 11,71 2,16 1,64 2,74 0,74 7,80 3,19 2,35 0,35 14,26 0,45 25,60 4,27 0,99 2,94 36,62 10,88 20,44 21,85 13,64 0,00 43,32 4,62 0,00 0,00 7,10 4,26 39,25 17,03 2,13 0,00 7,23 3,57 1,64 5,76 25,50 0,00 0,35 2,51 10,42 23,71 12,08 0,00 72,94 4,41 5,24 6,24 0,70 0,37 6,88 15,33 0,70 6,02 0,00 2,94 13,07 0,00 2900,00 2055,04 3744,96 0,00 844,96 448,50 396,46 0,00 0,00
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CMWF-29 190 >500μm 1 1 2 2 0 0 0 0 0 0/2 0 0
>250μm 1 1 4 1 1 8 10 9 1 1 0 0 0 0/8 0 0
CMWF-26 152 >500μm 88 3 1 92 92 92 0 0 0 0 0 0/92 0 0
CMWF-24 135 >500μm 271 8 14 16 309 309 0 0 0 0 0 0/309 0 0
>250μm 1 229 2 2 1 1 4 3 243 252 9 7 2 16 2 2/241 0 0
>150μm 1 1 1 2 1 1 1 3 2 1 14 566 17 3 1 2 2/12 0 0
CMWF-23 130 >500μm 223 8 18 8 3 260 261 1 1 0 0 0 0/260 0 0
>250μm 1 1 1 1 189 5 6 5 3 212 472 214 2 2 0 27 9 1/211 0 0
CMWF-22 125 >500μm 34 2 1 37 37 0 0 0 2 0 0/37 1 0
>250μm 2 6 3 38 3 1 43 3 5 1 1 2 1 5 114 217 103 77 26 9 2 62/52 1 0
>150μm 1 3 1 4 6 5 4 19 8 1 1 1 3 57 293 236 85 151 7 0 32/25 0 0
Danian >63μm 2 4 6 2 3 3 4 1 25 233 268 243 66 177 0 0 2/23 0 0
Maastrichtian CMWF-21 110 >500μm 21 3 1 25 25 0 0 0 1 0 0/25 1 0
>250μm 4 4 4 107 1 43 4 1 4 1 1 1 3 3 11 1 193 248 55 31 24 21 2 147/56 3 0
>150μm 4 6 1 14 5 10 2 1 1 9 2 2 3 2 9 1 1 3 1 77 293 216 111 105 6 0 34/41 1 0
>63μm 1 2 9 8 5 1 1 9 1 1 4 1 2 1 46 341 312 266 72 194 0 0 7/40 0 0
CMWF-20 102 >500μm 17 2 19 19 0 0 0 0 0 0/19 0 0
>250μm 1 9 1 27 1 3 1 1 3 47 101 54 41 13 4 0 15/32 0 0
>150μm 4 1 4 1 6 1 2 5 2 2 5 1 1 35 261 226 69 157 2 0 12/23 0 0
>63μm 2 5 2 16 1 1 2 29 130 265 236 17 219 0 0 2/27 0 0
CMWF-19 95 >500μm 20 1 2 23 23 0 0 0 0 0 0/23 0 0
>250μm 2 2 12 24 1 1 1 43 78 35 28 7 3 0 16/27 0 0
>150μm 2 1 1 3 1 2 2 12 5 5 3 1 5 43 257 214 58 156 4 0 18/25 0 0
>63μm 1 2 1 3 2 1 1 6 2 2 1 22 131 237 215 14 201 0 0 3/31 0 0
CMWF-18 80 >500μm 29 2 4 2 37 37 0 0 0 1 0 0/37 1 0
>250μm 5 9 1 1 59 3 5 3 1 1 88 153 65 35 30 0 0 20/68 0 0
>150μm 1 2 1 2 1 3 4 5 2 16 1 13 2 2 3 1 59 251 192 43 149 18 0 24/36 0 0
>63μm 1 1 2 2 3 3 1 3 2 2 1 1 1 1 24 208 268 244 27 217 3 0 7/20 0 0
CMWF-17 75 >500μm 32 2 2 6 42 42 0 0 0 1 1 0/42 0 0
>250μm 2 2 5 41 4 1 4 3 62 113 51 39 12 41 5 13/49 6 0
>150μm 3 2 4 17 1 10 1 1 1 1 1 42 272 230 67 163 11 0 23/19 2 0
>63μm 1 4 3 3 5 3 10 2 4 8 1 2 1 1 1 49 195 257 208 41 167 4 0 20/28 0 0
CMWF-16 70 >500μm 57 2 2 5 66 66 0 0 0 6 2 0/66 6 1
>250μm 2 4 11 1 58 4 1 7 3 2 1 1 95 178 83 59 24 115 13 17/78 21 0
>150μm 4 1 1 5 3 2 3 2 22 1 11 4 1 3 2 3 1 69 304 235 65 170 33 0 29/40 3 0
>63μm 1 2 6 3 5 4 8 1 1 1 1 1 1 1 1 1 1 1 40 270 308 268 53 215 1 0 10/30 0 0
CMWF-15 66 >500μm 53 5 8 9 2 77 77 0 0 0 5 1 0/77 0 0
>250μm 4 6 1 1 61 3 1 3 2 3 1 4 8 1 1 100 162 62 43 19 136 17 16/83 27 1
>150μm 1 2 1 3 1 3 10 19 2 1 9 2 1 3 1 2 1 62 271 209 59 150 35 0 32/28 4 0
>63μm 3 1 1 7 10 3 5 1 2 3 36 275 289 253 31 222 0 0 3/32 0 0
CMWF-13 60 >500μm 3 3 2 8 8 0 0 0 0 0 0/8 0 0
>250μm 3 6 44 2 1 1 1 2 1 2 63 104 41 19 22 11 2 13/50 3 0
>150μm 1 6 2 10 1 11 1 5 4 5 3 1 2 52 258 206 68 138 11 0 32/20 2 0
>63μm 1 1 1 1 1 1 2 1 1 6 4 2 1 23 146 274 251 50 201 0 0 0/23 0 0
CMWF-12 50 >500μm 7 7 7 0 0 0 0 0 0/7 0 0
>250μm 3 5 39 3 5 1 3 3 2 8 2 74 134 60 40 20 9 0 23/50 2 0
>150μm 3 5 6 2 1 1 1 2 21 251 230 107 123 6 0 17/10 1 0
>63μm 3 3 2 4 1 3 1 1 2 1 7 1 29 131 318 289 62 227 0 0 5/24 0 0
CMWF-11 40 >500μm 24 24 24 0 0 0 0 0 0/24 0 0
>250μm 1 8 14 54 1 3 1 1 2 3 2 15 1 106 106 0 29 9 44/62 2 1
>150μm 2 3 2 6 2 6 13 1 4 5 2 7 1 1 3 4 7 69 297 228 87 141 3 0 29/40 0 0
>63μm 2 3 1 3 2 11 210 297 286 68 218 1 0 0/12 0 0
TOTAL 4 18 6 1 0 2 2 6 1 1 1 2 0 27 15 77 50 87 76 35 375 0 7 1 2 1 1 2 0 5 1 0 7 4 61 1 0 1 1 0 1 1914 72 1 1 3 0 2 1 1 1 0 1 0 2 57 19 2 5 2 3 30 21 1 34 3 7 1 1 20 3 11 0 77 4 73 4 22 0 1 1 15 3 0 6 15 6 56 4 0 3 7 2 1 3 1 1 0 4 0 3410 3410 9216 0 5806 1744 4062 0 0 582 65 0 87 3
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CMWF-29 190 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 50,00 50,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 0,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 50,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 100,00 88,89 200,00 100,00 11,11 11,11 0,00 0,00 0,00 0 0,00 0 0
CMWF-26 152 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 95,65 3,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0 0
CMWF-24 135 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 87,70 2,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,53 0,00 5,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 94,24 0,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,82 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,65 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 96,43 100,00 3,57 2,78 0,79 16,00 2,00 2 0,82 0 0
>150μm 0,00 0,00 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,14 7,14 0,00 14,29 7,14 0,00 0,00 7,14 0,00 0,00 0,00 0,00 0,00 0,00 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,29 0,00 0,00 0,00 0,00 0,00 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 82,35 300,00 100,00 17,65 5,88 11,76 0,00 0,00 2 14,29 0 0
CMWF-23 130 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 85,77 3,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,92 0,00 3,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 0,00 0,00 0,00 0,00 0,00 0,00 100,00 99,62 100,00 0,38 0,38 0,00 0,00 0,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,47 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 89,15 2,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,36 0,00 1,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 99,07 200,00 100,00 0,93 0,93 0,00 27,00 9,00 1 0,47 0 0
CMWF-22 125 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 91,89 5,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,70 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 2,00 0,00 0 0,00 1 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 5,26 2,63 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,63 0,00 0,00 0,00 0,00 0,88 0,00 37,72 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 1,75 0,88 4,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 52,53 100,00 47,47 35,48 11,98 9,00 2,00 62 54,39 1 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 5,26 1,75 7,02 10,53 8,77 0,00 7,02 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,04 1,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 5,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 19,45 100,00 80,55 29,01 51,54 7,00 0,00 32 56,14 0 0
Danian >63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,00 16,00 24,00 0,00 8,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,00 0,00 16,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 100,00 9,33 400,00 100,00 90,67 24,63 66,04 0,00 0,00 2 8,00 0 0
Maastrichtian CMWF-21 110 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 84,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,00 4,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 1,00 0,00 0 0,00 1 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,07 2,07 2,07 55,44 0,00 0,00 0,00 0,00 0,00 0,00 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,07 0,00 0,00 0,52 0,00 0,00 2,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,52 0,00 0,52 0,00 0,52 1,55 1,55 5,70 0,00 0,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 77,82 100,00 22,18 12,50 9,68 21,00 2,00 147 76,17 3 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,19 0,00 7,79 1,30 18,18 0,00 6,49 12,99 2,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,00 1,30 0,00 0,00 11,69 2,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,60 3,90 0,00 0,00 2,60 0,00 11,69 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 3,90 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 26,28 100,00 73,72 37,88 35,84 6,00 0,00 34 44,16 1 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 4,35 19,57 17,39 10,87 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 19,57 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 8,70 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 4,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 14,74 400,00 100,00 85,26 23,08 62,18 0,00 0,00 7 15,22 0 0
CMWF-20 102 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 89,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,53 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 19,15 0,00 0,00 0,00 2,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 57,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,38 2,13 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 0,00 0,00 6,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 46,53 100,00 53,47 40,59 12,87 4,00 0,00 15 31,91 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,43 2,86 11,43 2,86 0,00 17,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,86 0,00 5,71 0,00 0,00 0,00 0,00 14,29 5,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,71 0,00 0,00 0,00 0,00 0,00 14,29 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 13,41 100,00 86,59 26,44 60,15 2,00 0,00 12 34,29 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 17,24 0,00 6,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 55,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 0,00 0,00 0,00 0,00 100,00 10,94 400,00 100,00 89,06 6,42 82,64 0,00 0,00 2 6,90 0 0
CMWF-19 95 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 86,96 4,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,65 4,65 0,00 27,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 55,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 55,13 100,00 44,87 35,90 8,97 3,00 0,00 16 37,21 0 0
>150μm 4,65 2,33 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,98 0,00 2,33 4,65 4,65 27,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,63 0,00 0,00 0,00 0,00 11,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,98 0,00 0,00 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 16,73 100,00 83,27 22,57 60,70 4,00 0,00 18 41,86 0 0
>63μm 0,00 0,00 4,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 4,55 13,64 0,00 9,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,55 0,00 4,55 0,00 0,00 27,27 0,00 9,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 0,00 0,00 4,55 100,00 9,28 400,00 100,00 90,72 5,91 84,81 0,00 0,00 3 13,64 0 0
CMWF-18 80 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 78,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,41 0,00 10,81 5,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 1,00 0,00 0 0,00 1 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,68 0,00 10,23 1,14 0,00 0,00 0,00 1,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 67,05 3,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,41 1,14 0,00 1,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 57,52 100,00 42,48 22,88 19,61 0,00 0,00 20 22,73 0 0
>150μm 1,69 3,39 1,69 0,00 0,00 0,00 3,39 1,69 0,00 0,00 0,00 5,08 0,00 6,78 0,00 0,00 8,47 3,39 27,12 0,00 0,00 0,00 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,03 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 0,00 0,00 5,08 0,00 0,00 0,00 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 23,51 100,00 76,49 17,13 59,36 18,00 0,00 24 40,68 0 0
>63μm 0,00 0,00 4,17 0,00 0,00 4,17 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 8,33 12,50 0,00 12,50 0,00 0,00 0,00 4,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,50 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 4,17 0,00 4,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,17 0,00 0,00 100,00 8,96 400,00 100,00 91,04 10,07 80,97 3,00 0,00 7 29,17 0 0
CMWF-17 75 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 76,19 4,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 0,00 14,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 1,00 1,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,23 3,23 8,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 66,13 6,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 0,00 6,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 54,87 100,00 45,13 34,51 10,62 41,00 5,00 13 20,97 6 0
>150μm 0,00 7,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 9,52 0,00 40,48 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 23,81 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 15,44 100,00 84,56 24,63 59,93 11,00 0,00 23 54,76 2 0
>63μm 2,04 8,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,12 6,12 10,20 0,00 6,12 20,41 0,00 0,00 0,00 0,00 0,00 0,00 4,08 0,00 0,00 8,16 0,00 0,00 0,00 0,00 0,00 16,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,08 0,00 0,00 0,00 0,00 2,04 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 19,07 400,00 100,00 80,93 15,95 64,98 4,00 0,00 20 40,82 0 0
CMWF-16 70 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 86,36 3,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,03 0,00 7,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 6,00 2,00 0 0,00 6 1
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,11 4,21 0,00 11,58 1,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 61,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,21 0,00 0,00 0,00 0,00 0,00 0,00 1,05 0,00 7,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,16 0,00 2,11 0,00 1,05 0,00 0,00 1,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 53,37 100,00 46,63 33,15 13,48 115,00 13,00 17 17,89 21 0
>150μm 0,00 5,80 0,00 0,00 0,00 0,00 1,45 0,00 0,00 0,00 1,45 0,00 0,00 7,25 4,35 2,90 4,35 2,90 31,88 0,00 0,00 0,00 0,00 0,00 0,00 1,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,94 5,80 0,00 0,00 1,45 0,00 0,00 0,00 0,00 0,00 0,00 4,35 0,00 0,00 0,00 0,00 0,00 0,00 2,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,35 0,00 0,00 1,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 22,70 100,00 77,30 21,38 55,92 33,00 0,00 29 42,03 3 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 5,00 15,00 7,50 12,50 0,00 10,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 20,00 0,00 0,00 0,00 0,00 2,50 2,50 0,00 0,00 2,50 2,50 0,00 0,00 2,50 0,00 0,00 2,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 2,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 2,50 0,00 0,00 0,00 100,00 12,99 400,00 100,00 87,01 17,21 69,81 1,00 0,00 10 25,00 0 0
CMWF-15 66 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 68,83 6,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,39 0,00 11,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,60 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 5,00 1,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 0,00 6,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 1,00 0,00 0,00 0,00 0,00 0,00 0,00 61,00 3,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 0,00 0,00 3,00 2,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,00 1,00 0,00 0,00 0,00 0,00 0,00 0,00 4,00 0,00 8,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,00 1,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 61,73 100,00 38,27 26,54 11,73 136,00 17,00 16 16,00 27 1
>150μm 0,00 1,61 0,00 0,00 0,00 0,00 3,23 0,00 0,00 0,00 0,00 1,61 0,00 4,84 1,61 4,84 16,13 0,00 30,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,23 0,00 1,61 0,00 0,00 0,00 0,00 14,52 3,23 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 4,84 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 100,00 22,88 100,00 77,12 21,77 55,35 35,00 0,00 32 51,61 4 0
>63μm 0,00 8,33 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 19,44 27,78 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 12,46 400,00 100,00 87,54 10,73 76,82 0,00 0,00 3 8,33 0 0
CMWF-13 60 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 37,50 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,76 0,00 9,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 69,84 3,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 0,00 0,00 1,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 0,00 0,00 0,00 0,00 3,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 0,00 3,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 60,58 100,00 39,42 18,27 21,15 11,00 2,00 13 20,63 3 0
>150μm 0,00 0,00 1,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,54 3,85 0,00 19,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 0,00 21,15 0,00 0,00 0,00 0,00 0,00 0,00 1,92 0,00 0,00 0,00 9,62 7,69 0,00 0,00 0,00 0,00 0,00 9,62 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,77 0,00 0,00 1,92 0,00 0,00 0,00 0,00 3,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 20,16 100,00 79,84 26,36 53,49 11,00 0,00 32 61,54 2 0
>63μm 0,00 0,00 0,00 4,35 4,35 4,35 0,00 0,00 4,35 4,35 4,35 8,70 4,35 4,35 26,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 17,39 0,00 0,00 0,00 0,00 8,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,35 0,00 100,00 8,39 400,00 100,00 91,61 18,25 73,36 0,00 0,00 0 0,00 0 0
CMWF-12 50 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,05 0,00 6,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 52,70 4,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,76 1,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,05 0,00 0,00 0,00 0,00 0,00 2,70 0,00 10,81 2,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 55,22 100,00 44,78 29,85 14,93 9,00 0,00 23 31,08 2 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,29 0,00 23,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 28,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,52 0,00 4,76 0,00 0,00 0,00 4,76 0,00 4,76 9,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 8,37 100,00 91,63 42,63 49,00 6,00 0,00 17 80,95 1 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,34 0,00 10,34 6,90 13,79 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,34 0,00 0,00 0,00 3,45 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 24,14 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 9,12 400,00 100,00 90,88 19,50 71,38 0,00 0,00 5 17,24 0 0
CMWF-11 40 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 7,55 0,00 13,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 50,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 2,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 2,83 1,89 14,15 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 100,00 100,00 0,00 0,00 0,00 29,00 9,00 44 41,51 2 1
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,90 0,00 4,35 2,90 8,70 2,90 0,00 8,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,45 5,80 7,25 0,00 2,90 0,00 0,00 0,00 10,14 0,00 0,00 1,45 0,00 0,00 0,00 0,00 0,00 0,00 1,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,35 5,80 0,00 10,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 23,23 100,00 76,77 29,29 47,47 3,00 0,00 29 42,03 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 27,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 0,00 0,00 0,00 0,00 27,27 0,00 0,00 0,00 0,00 18,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 3,70 400,00 100,00 96,30 22,90 73,40 1,00 0,00 0 0,00 0 0
TOTAL 8,39 36,76 21,80 4,35 0,00 7,13 8,51 9,82 1,69 4,35 4,35 5,80 0,00 74,90 54,25 204,31 137,94 184,77 118,47 63,18 501,97 0,00 20,14 0,47 16,67 2,13 1,14 2,69 0,00 13,19 2,17 0,00 9,71 8,16 198,31 0,47 0,00 1,30 0,88 0,00 3,45 2319,86 146,35 2,17 3,45 6,33 0,00 3,50 1,61 1,92 2,50 0,00 2,78 0,00 2,39 77,94 33,45 7,09 6,62 2,60 7,24 66,58 38,99 4,76 56,52 4,58 40,66 1,59 4,17 73,78 17,73 51,07 0,00 102,64 5,40 121,59 10,54 40,56 0,00 0,52 2,38 28,49 8,36 0,00 7,50 16,23 4,32 61,37 6,18 0,00 2,46 7,45 6,90 2,50 11,59 4,17 4,35 0,00 22,66 0,00 5200,00 5200,00 5200,00 0,00 2327,21 784,49 1542,72 0,00 0,00 582,00 65,00 732 87,00 3,00
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θ
B
 
S
i
n
g
l
e
θ
B
 
B
o
t
h
CM-1 45 >500μm 230 18 7 13 1 2 271 0 0 0 5 0 0/271 4 0
SHELL MIX >250μm 2 1 2 143 6 1 1 1 26 7 4 1 195 80 60 20 97 4 39/156 28 1
>150μm 1 4 2 7 6 2 2 3 2 2 6 2 39 220 85 135 20 0 15/24 2 0
Danian >63μm 2 7 6 1 2 2 20 525 239 32 207 1 0 0/20 0 0
Maastrichtian CM-1 40 >500μm 28 3 31 0 0 0 0 0 0/31 0 0
5cm BELOW >250μm 1 1 8 2 3 2 52 9 1 1 7 2 1 1 91 93 51 42 10 1 21/70 1 0
EVENT >150μm 4 2 4 1 5 18 2 3 7 1 1 1 49 245 54 191 1 0 13/36 0 0
>63μm 1 1 9 7 15 3 1 2 3 9 2 1 54 225 228 32 196 0 0 0/54 0 0
CM-1 20 >500μm 2 60 3 2 67 0 0 0 20 4 0/67 5 1
ASH +20cm >250μm 7 3 11 9 1 2 63 9 1 2 17 17 2 144 117 90 27 304 24 67/77 47 0
>150μm 2 2 3 2 2 6 1 3 2 1 9 1 1 1 14 1 2 13 1 67 250 62 188 47 1 28/29 9 0
>63μm 1 2 1 1 2 5 4 1 1 1 5 1 1 3 1 3 1 2 1 1 38 316 240 15 225 2 0 4/34 0 0
CM-1 5 >500μm 65 65 0 0 0 0 0 0/65 0 0
ASH +5cm >250μm 1 14 2 3 1 1 70 4 4 1 2 1 4 1 1 1 111 83 56 27 22 1 27/81 7 0
>150μm 1 1 7 2 2 1 11 4 1 1 6 1 1 39 235 91 144 11 0 19/21 1 0
>63μm 1 1 1 5 5 10 1 4 1 1 4 34 249 221 24 197 1 0 4/30 0 0
CM-1 -5 >500μm 36 36 0 0 0 0 0 0/36 0 0
BELOW ASH >250μm 3 1 1 55 3 2 4 2 2 73 199 175 24 22 4 15/58 8 0
>150μm 1 11 2 2 2 1 7 1 1 2 9 1 4 1 45 252 159 93 13 0 32/14 1 0
>63μm 1 1 1 3 5 1 2 3 1 1 1 20 174 323 118 205 0 0 3/17 0 0
CM-1 -20 >500μm 41 1 42 0 0 0 0 1 1/41 0 1
ASH-20cm >250μm 4 2 12 3 2 91 1 3 1 1 7 6 2 4 2 1 1 143 124 95 29 45 2 44/100 12 0
>150μm 1 2 5 3 1 1 1 26 6 3 15 2 4 1 71 253 170 83 2 0 29/39 0 0
>63μm 1 2 7 1 1 1 2 11 1 2 2 3 1 4 39 295 280 51 229 0 0 4/35 0 0
TOTAL 1 1 0 3 4 4 1 0 8 5 39 47 65 2 7 44 0 1 1 1 1 1 0 1 4 0 1 0 26 9 1 60 0 3 0 2 1016 51 1 0 2 1 0 2 1 25 2 2 19 7 2 61 114 2 9 6 2 19 3 0 21 13 0 5 17 0 8 16 4 0 3 1 1 3 0 2 0 1784 1784 0 3682 1420 2262 0 0 623 42
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CM-1 E 45 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 84,87 6,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,58 4,80 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,74 0,00 100,00 271,00 0,00 0,00 0,00 5 0 0 0,00 4 0
SHELL MIX >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,03 0,00 0,00 0,00 0,00 0,51 0,00 0,00 0,00 1,03 0,00 0,00 0,00 0,00 0,00 73,33 3,08 0,00 0,00 0,00 0,00 0,51 0,51 0,00 0,00 0,00 0,00 0,51 13,33 3,59 0,00 0,00 0,00 0,00 0,00 0,00 2,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,51 0,00 70,91 275,00 29,09 21,82 7,27 97 4 39 20,00 28 1
>150μm 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,26 5,13 17,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,38 0,00 0,00 5,13 0,00 0,00 0,00 5,13 0,00 0,00 7,69 5,13 0,00 5,13 15,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,06 259,00 84,94 32,82 52,12 20 0 15 38,46 2 0
Danian >63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,00 35,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 0,00 0,00 0,00 10,00 0,00 10,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,72 259,00 92,28 12,36 79,92 1 0 0 0,00 0 0
Maastrichtian CM-1 40 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 90,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 31,00 0,00 0,00 0,00 0 0 0 0,00 0 0
5cm BELOW >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,10 1,10 8,79 0,00 0,00 2,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,30 0,00 0,00 2,20 0,00 0,00 57,14 9,89 0,00 0,00 0,00 0,00 0,00 1,10 0,00 0,00 0,00 1,10 0,00 0,00 7,69 0,00 0,00 0,00 0,00 0,00 0,00 2,20 0,00 0,00 1,10 1,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 49,46 184,00 50,54 27,72 22,83 10 1 21 23,08 1 0
EVENT >150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,16 4,08 0,00 0,00 0,00 8,16 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,04 0,00 10,20 0,00 0,00 36,73 4,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,12 0,00 0,00 0,00 14,29 0,00 0,00 0,00 0,00 2,04 0,00 0,00 0,00 2,04 0,00 0,00 2,04 0,00 0,00 0,00 0,00 0,00 0,00 16,67 294,00 83,33 18,37 64,97 1 0 13 26,53 0 0
>63μm 0,00 0,00 1,85 0,00 0,00 0,00 0,00 1,85 16,67 12,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 27,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 0,00 0,00 0,00 1,85 3,70 5,56 0,00 16,67 3,70 0,00 0,00 0,00 1,85 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,15 282,00 80,85 11,35 69,50 0 0 0 0,00 0 0
CM-D 20 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,99 89,55 4,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 67,00 0,00 0,00 0,00 20 4 0 0,00 5 1
ASH +20cm >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,86 0,00 2,08 7,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,25 0,69 0,00 0,00 1,39 0,00 43,75 6,25 0,00 0,00 0,00 0,69 0,00 1,39 0,00 0,00 0,00 0,00 0,00 11,81 11,81 0,00 0,00 0,00 0,00 0,00 0,00 1,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 55,17 261,00 44,83 34,48 10,34 304 24 67 46,53 47 0
>150μm 0,00 0,00 0,00 2,99 2,99 0,00 4,48 0,00 0,00 2,99 0,00 2,99 0,00 8,96 0,00 0,00 0,00 0,00 0,00 0,00 1,49 0,00 4,48 2,99 0,00 1,49 0,00 0,00 13,43 0,00 0,00 0,00 0,00 0,00 0,00 1,49 1,49 0,00 1,49 0,00 0,00 0,00 20,90 0,00 0,00 0,00 0,00 0,00 1,49 0,00 0,00 2,99 19,40 0,00 0,00 1,49 0,00 0,00 0,00 0,00 0,00 21,14 317,00 78,86 19,56 59,31 47 1 28 41,79 9 0
>63μm 0,00 0,00 0,00 2,63 5,26 2,63 2,63 5,26 13,16 10,53 2,63 0,00 0,00 0,00 2,63 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,16 0,00 0,00 0,00 0,00 2,63 0,00 0,00 0,00 0,00 2,63 0,00 0,00 7,89 2,63 0,00 0,00 7,89 2,63 5,26 0,00 0,00 2,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,63 13,67 278,00 86,33 5,40 80,94 2 0 4 10,53 0 0
CM-1 C 5 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 65,00 0,00 0,00 0,00 0 0 0 0,00 0 0
ASH +5cm >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,90 0,00 0,00 0,00 12,61 0,00 1,80 2,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,90 0,90 0,00 0,00 0,00 0,00 0,00 63,06 3,60 0,00 0,00 0,00 0,00 0,00 3,60 0,90 0,00 0,00 1,80 0,00 0,90 3,60 0,00 0,00 0,00 0,00 0,00 0,00 0,90 0,00 0,00 0,00 0,90 0,90 0,00 0,00 0,00 0,00 0,00 0,00 57,22 194,00 42,78 28,87 13,92 22 1 27 24,32 7 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 2,56 0,00 2,56 0,00 17,95 0,00 0,00 5,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,13 2,56 0,00 28,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,26 2,56 0,00 2,56 15,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,56 0,00 0,00 2,56 0,00 0,00 0,00 0,00 0,00 14,23 274,00 85,77 33,21 52,55 11 0 19 48,72 1 0
>63μm 0,00 0,00 0,00 2,94 0,00 0,00 2,94 2,94 14,71 14,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 29,41 0,00 0,00 2,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,76 0,00 2,94 0,00 2,94 11,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,33 255,00 86,67 9,41 77,25 1 0 4 11,76 0 0
CM-1 B -5 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 36,00 0,00 0,00 0,00 0 0 0 0,00 0 0
BELOW ASH >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,37 1,37 0,00 0,00 0,00 0,00 75,34 0,00 0,00 0,00 0,00 0,00 0,00 4,11 0,00 0,00 0,00 0,00 0,00 2,74 5,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,74 2,74 0,00 0,00 0,00 0,00 0,00 0,00 26,84 272,00 73,16 64,34 8,82 22 4 15 20,55 8 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 24,44 0,00 0,00 4,44 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,44 4,44 0,00 2,22 0,00 0,00 15,56 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 2,22 0,00 0,00 0,00 4,44 20,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,22 0,00 8,89 0,00 0,00 0,00 0,00 0,00 2,22 15,15 297,00 84,85 53,54 31,31 13 0 32 71,11 1 0
>63μm 0,00 0,00 5,00 0,00 0,00 0,00 5,00 5,00 15,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 0,00 0,00 10,00 0,00 0,00 15,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 0,00 0,00 0,00 5,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 0,00 0,00 0,00 0,00 0,00 5,83 343,00 94,17 34,40 59,77 0 0 3 15,00 0 0
CM-1 A -20 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 97,62 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 42,00 0,00 0,00 0,00 0 1 1 2,38 0 1
ASH-20cm >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,80 0,00 1,40 8,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,10 1,40 0,00 0,00 0,00 0,00 63,64 0,00 0,00 0,00 0,00 0,70 0,00 2,10 0,00 0,70 0,00 0,00 0,70 4,90 4,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 2,80 0,00 1,40 0,70 0,70 0,00 0,00 53,56 267,00 46,44 35,58 10,86 45 2 44 30,77 12 0
>150μm 0,00 1,41 0,00 0,00 0,00 0,00 0,00 0,00 2,82 7,04 4,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,41 0,00 1,41 0,00 1,41 0,00 0,00 0,00 36,62 0,00 0,00 0,00 0,00 0,00 0,00 8,45 0,00 0,00 0,00 0,00 0,00 4,23 21,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,82 5,63 1,41 0,00 0,00 0,00 0,00 0,00 21,91 324,00 78,09 52,47 25,62 2 0 29 40,85 0 0
>63μm 0,00 0,00 2,56 0,00 0,00 0,00 0,00 0,00 5,13 17,95 0,00 0,00 0,00 0,00 0,00 0,00 2,56 2,56 0,00 2,56 5,13 0,00 0,00 0,00 0,00 28,21 0,00 0,00 2,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,13 0,00 5,13 7,69 2,56 10,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,23 319,00 87,77 15,99 71,79 0 0 4 10,26 0 0
TOTAL 2,56 1,41 0,00 9,42 8,56 8,25 2,63 0,00 18,52 15,06 101,78 136,48 100,37 2,99 5,28 48,65 0,00 2,63 2,63 2,56 2,56 0,51 0,00 2,56 8,03 0,00 0,90 0,00 30,27 12,93 1,41 159,80 0,00 3,95 0,00 2,99 1105,07 38,02 2,63 0,00 5,13 2,38 0,00 1,39 0,51 32,74 2,39 2,92 49,01 13,22 1,21 50,04 183,23 4,48 27,04 13,25 5,51 43,36 5,20 0,00 21,78 4,80 0,00 10,15 27,14 0,00 8,96 23,00 10,47 0,00 1,77 0,70 0,70 1,25 0,00 4,85 0,00 1089,24 0,00 5466,00 0,00 1310,76 511,66 799,10 0,00 0,00 623,00 42,00
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p
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O
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r
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-
 
S
i
n
g
l
e
 
c
a
r
a
p
a
c
e
O
s
t
r
a
c
o
d
s
 
-
 
B
o
t
h
 
c
a
r
a
p
a
c
e
A
g
g
l
u
t
i
n
a
t
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d
 
b
e
n
t
h
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/
N
o
n
-
a
g
g
l
u
t
i
n
a
t
e
d
 
b
e
n
t
h
i
c
 
s
p
p
.
θ
B
 
S
i
n
g
l
e
θ
B
 
B
o
t
h
CM-4 200 >500μm 1 68 3 2 1 25 3 23 2 2 130 130 0 0 0 15 14 0/130 15 14
TOP E +170CM >250μm 9 2 2 2 1 4 3 2 3 3 11 3 22 5 7 1 1 1 80 6 1 4 4 5 3 15 5 4 1 5 47 4 266 266 0 0 0 172 3 1/265 132 0
>150μm 45 4 11 9 2 8 23 13 4 1 2 2 5 2 8 2 2 13 3 4 18 4 8 1 4 2 1 12 1 15 4 2 3 238 264 26 25 1 56 0 0/238 16 0
>63μm 7 5 8 1 3 1 2 3 4 13 1 1 2 5 2 2 4 9 2 1 3 5 84 718 248 164 143 21 0 0 0/84 0 0
CM-4 165 >500μm 1 3 1 26 1 1 6 2 6 2 1 3 2 1 56 56 0 0 0 15 7 0/56 9 7
TOP-E +135CM >250μm 3 1 4 2 1 1 6 1 13 4 23 2 11 2 1 1 110 2 1 3 3 1 4 1 4 43 1 2 251 251 0 0 0 84 2 1/250 53 0
>150μm 24 12 19 10 4 1 2 5 3 6 27 2 6 2 4 1 3 5 10 5 35 3 2 1 4 2 29 3 2 3 1 1 3 1 2 243 268 25 25 0 20 0 6/137 4 0
>63μm 23 6 12 7 2 4 2 2 6 2 9 5 39 1 1 3 2 3 3 4 2 3 4 1 2 4 17 1 14 3 6 193 743 277 84 72 12 0 0 2/193 0 0
CM-4 130 >500μm 1 1 1 0 0 0 0 0 0/1 0 0
TOP-E +100CM >250μm 1 1 2 1 12 2 2 226 4 2 3 11 2 9 1 279 279 0 0 0 0 0 3/276 0 0
>150μm 6 3 3 2 14 4 34 1 7 108 2 1 48 4 2 1 11 1 4 1 257 257 0 0 0 0 0 7/250 0 0
>63μm 13 3 3 1 8 6 2 126 1 4 9 13 1 7 8 8 2 53 4 2 11 7 292 829 297 5 0 5 0 0 0/292 0 0
CM-4 60 >500μm 7 7 7 0 0 0 0 0 0/7 0 0
TOP E +30CM >250μm 2 11 4 11 1 1 1 1 4 26 3 38 4 1 99 2 1 2 2 1 215 216 1 0 1 4 0 75/140 2 0
>150μm 2 7 8 7 1 2 1 2 16 4 3 14 38 2 1 16 1 1 77 5 1 1 1 2 3 2 1 15 1 235 255 20 7 13 2 0 35/198 0 0
>63μm 8 15 2 1 4 2 5 7 37 2 7 2 4 3 2 2 2 2 2 3 13 12 137 594 271 134 21 113 0 0 22/123 0 0
CM-4 40 >500μm 0 0 0 0 0 0 0 0/0 0 0
TOP E +10CM >250μm 1 1 1 0 0 0 0 0 0/1 0 0
>150μm 3 1 1 1 6 6 0 0 0 0 0 0/6 0 0
Danian >63μm 1 2 2 3 3 8 4 34 1 3 5 4 1 1 2 2 5 1 2 1 5 2 8 1 1 102 109 215 113 10 103 0 0 0/92 0 0
TOTAL 2 13 11 12 146 22 1 63 46 21 0 3 2 8 10 2 5 15 0 1 18 10 43 53 322 6 6 0 17 3 3 3 1 2 6 59 11 0 58 3 25 10 1 5 153 0 1 0 12 1 29 0 4 70 1 4 0 2 3 878 19 2 1 1 31 7 4 15 1 5 2 0 1 5 8 1 8 5 0 47 2 0 10 10 10 2 24 1 1 4 1 1 9 3 4 6 162 4 2 6 3 0 1 9 30 8 4 1 7 43 0 51 1 0 14 0 94 1 6 2 1 21 20 2 17 11 0 15 0 2993 2993 3565 0 572 303 269 0 0 368 26
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CM-4 E 200 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,77 52,31 2,31 1,54 0,77 0,00 19,23 2,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 17,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,54 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 15 14 0 0,00 15 14
TOP E +170CM >250μm 0,00 0,00 0,00 0,00 3,38 0,00 0,00 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,75 0,75 0,00 0,00 0,38 0,00 0,00 1,50 1,13 0,75 1,13 0,00 0,00 1,13 4,14 1,13 8,27 0,00 1,88 2,63 0,00 0,00 0,00 0,00 0,38 0,38 0,00 0,00 0,38 0,00 0,00 0,00 0,00 30,08 2,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 1,50 1,50 0,00 1,88 1,13 5,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,88 1,50 0,38 0,00 0,00 1,88 0,00 0,00 0,00 0,00 17,67 0,00 1,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 172 3 1 0,38 132 0
>150μm 0,00 0,00 0,00 0,00 18,91 1,68 0,00 4,62 3,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,00 3,36 9,66 5,46 0,00 0,00 1,68 0,00 0,42 0,00 0,00 0,84 0,84 2,10 0,84 3,36 0,00 0,84 0,84 0,00 0,00 5,46 0,00 1,26 0,00 1,68 0,00 0,00 0,00 0,00 0,00 0,00 7,56 1,68 0,00 0,00 0,00 0,00 0,00 0,00 3,36 0,00 0,00 0,42 0,00 0,00 1,68 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 5,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 6,30 1,68 0,84 0,00 0,00 1,26 100 90,15 109,85 9,85 9,47 0,38 56 0 0 0,00 16 0
>63μm 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 5,95 9,52 1,19 0,00 0,00 3,57 0,00 1,19 2,38 0,00 0,00 0,00 3,57 4,76 15,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,19 0,00 1,19 0,00 0,00 0,00 0,00 0,00 2,38 0,00 5,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 4,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,38 1,19 0,00 3,57 0,00 5,95 100 33,87 166,13 66,13 57,66 8,47 0 0 0 0,00 0 0
CM-4 D 165 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,79 0,00 0,00 0,00 0,00 5,36 0,00 0,00 0,00 0,00 1,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 46,43 1,79 0,00 0,00 1,79 10,71 3,57 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,57 1,79 0,00 5,36 0,00 3,57 0,00 0,00 0,00 0,00 1,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 15 7 0 0,00 9 7
TOP-E +135CM >250μm 0,00 0,00 0,00 0,00 1,20 0,00 0,40 1,59 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,40 0,00 0,00 0,00 0,00 2,39 0,00 0,00 0,00 0,40 0,00 0,00 5,18 1,59 9,16 0,80 4,38 0,00 0,00 0,00 0,80 0,00 0,40 0,00 0,00 0,00 0,40 0,00 0,00 0,00 0,00 43,82 0,00 0,00 0,00 0,00 0,00 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,40 0,00 0,00 1,20 0,00 1,20 0,00 0,40 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,59 0,00 0,40 0,00 0,00 1,59 0,00 0,00 0,00 17,13 0,40 0,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 84 2 1 0,40 53 0
>150μm 0,00 0,00 0,00 0,00 9,88 4,94 0,00 7,82 4,12 1,65 0,00 0,00 0,00 0,41 0,00 0,00 0,82 0,00 0,00 2,06 1,23 2,47 11,11 0,00 0,00 0,82 0,00 0,00 0,00 0,00 0,00 0,00 2,47 0,82 1,65 0,41 1,23 0,00 0,00 2,06 4,12 0,00 0,00 0,00 0,00 0,00 2,06 0,00 0,00 0,00 0,00 14,40 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,82 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,00 1,65 0,00 0,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,93 1,23 0,82 0,00 1,23 0,41 0,00 0,41 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,41 0,00 0,00 0,00 0,00 0,00 0,82 0,00 0,00 0,00 0,00 100 90,67 109,33 9,33 9,33 0,00 20 0 6 2,47 4 0
>63μm 0,00 0,00 0,00 0,00 11,92 3,11 0,00 0,00 6,22 3,63 0,00 1,04 0,00 2,07 1,04 1,04 3,11 0,00 1,04 0,00 4,66 2,59 20,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,52 0,52 0,00 1,55 0,00 0,00 0,00 1,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,55 0,00 1,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,07 1,04 1,55 0,00 0,00 2,07 0,00 0,00 0,52 0,00 0,00 1,04 2,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,52 0,00 7,25 1,55 3,11 100 69,68 130,32 30,32 25,99 4,33 0 0 2 1,04 0 0
CM-4 C 130 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
TOP-E +100CM >250μm 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,30 0,00 0,00 0,00 0,00 0,00 0,72 0,00 0,00 0,00 0,72 81,00 1,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,08 0,00 0,00 0,00 0,00 0,00 0,00 3,94 0,72 0,00 0,00 0,00 3,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,36 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 0 0 3 1,08 0 0
>150μm 0,00 0,00 0,00 0,00 2,33 0,00 0,00 1,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 0,00 0,00 0,78 5,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,23 0,00 0,39 0,00 0,00 0,00 2,72 0,00 0,00 0,00 0,00 42,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,78 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,68 0,00 0,00 1,56 0,00 0,00 0,00 0,78 0,39 0,00 0,00 0,00 4,28 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 1,56 0,39 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 0 0 7 2,72 0 0
>63μm 0,00 0,00 0,00 0,00 4,45 0,00 0,00 1,03 1,03 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 2,74 0,00 2,05 0,68 43,15 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,37 0,00 0,00 0,00 3,08 0,00 0,00 0,00 0,00 0,00 0,00 4,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,40 0,00 0,00 2,74 0,00 0,00 0,00 0,00 0,00 2,74 0,68 0,00 0,00 18,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,37 0,00 0,00 0,00 0,00 0,00 0,68 0,00 0,00 3,77 0,00 0,00 2,40 0,00 100 98,32 101,68 1,68 0,00 1,68 0 0 0 0,00 0 0
CM-4 B 60 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
TOP E +30CM >250μm 0,93 5,12 1,86 5,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,47 0,47 0,47 0,00 0,00 0,00 0,00 0,00 0,00 1,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 12,09 0,00 0,00 0,00 0,00 1,40 17,67 0,00 1,86 0,47 0,00 46,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,93 0,93 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 99,54 100,46 0,46 0,00 0,46 4 0 75 34,88 2 0
>150μm 0,00 0,85 2,98 0,00 3,40 0,00 0,00 2,98 0,43 0,85 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,85 0,00 0,00 0,00 6,81 1,70 1,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,17 0,00 0,85 0,00 0,00 0,43 6,81 0,43 0,00 0,43 0,00 32,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,13 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,85 1,28 0,85 0,00 0,43 0,00 6,38 0,00 0,00 0,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 92,16 107,84 7,84 2,75 5,10 2 0 35 14,89 0 0
>63μm 0,00 0,00 0,00 0,00 5,84 0,00 0,00 10,95 1,46 0,00 0,73 0,00 2,92 1,46 0,00 0,00 0,00 0,00 0,00 0,00 3,65 5,11 27,01 0,00 1,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,11 0,00 1,46 0,00 2,92 0,00 0,00 0,00 0,00 0,00 0,00 2,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,46 0,00 1,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,46 0,00 1,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,46 0,00 2,19 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,49 0,00 8,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 50,55 149,45 49,45 7,75 41,70 0 0 22 16,06 0 0
CM-4 A 40 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 0,00 0,00 0,00 0,00 0,00 0 0 0 0,00 0 0
TOP E +10CM >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 50,00 16,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100 100,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
Danian >63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,00 1,96 0,00 0,00 1,96 2,94 0,00 0,00 2,94 7,84 3,92 33,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,94 0,00 0,00 0,00 4,90 0,00 0,00 0,00 0,00 0,00 0,00 3,92 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,00 0,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 1,96 0,00 0,00 4,90 0,00 0,00 0,00 0,00 0,00 0,00 0,98 1,96 0,98 4,90 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,98 0,98 100 47,44 152,56 52,56 4,65 47,91 0 0 0 0,00 0 0
TOTAL 0,93 5,97 4,84 5,47 69,64 9,73 0,40 30,52 24,53 15,65 0,00 2,90 1,04 5,65 7,52 1,04 4,19 10,09 0,00 0,47 6,94 5,75 26,78 29,98 169,10 2,51 3,20 0,00 6,86 1,13 1,17 1,13 0,40 0,84 3,75 24,60 4,38 0,00 23,63 1,21 14,88 3,99 0,52 2,06 167,14 0,00 1,79 0,00 7,12 0,38 19,57 0,00 1,82 30,76 0,43 1,86 0,00 0,89 1,49 657,01 26,13 1,54 0,77 1,79 29,95 6,68 2,21 7,20 0,98 3,01 0,76 0,00 0,38 1,90 3,18 0,41 3,07 1,97 0,00 35,24 1,96 0,00 4,17 21,02 5,18 1,04 14,64 0,39 0,43 2,07 0,43 0,47 3,26 1,67 3,42 4,82 85,47 1,66 0,82 3,52 1,23 0,00 0,41 6,30 13,76 3,26 5,76 0,43 5,45 17,18 0,00 38,22 0,42 0,00 9,57 0,00 38,54 0,40 2,30 0,68 0,36 10,24 8,37 0,84 10,83 4,93 0,00 11,30 0 1900 1672,37 2127,63 0,00 227,63 117,60 110,03 0 0 368 26
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DMC 14 420 >500μm 14 2 3 2 2 29 52 52 0 0 0 0 0 0/52 0 0
>250μm 2 2 3 3 1 1 1 2 3 6 2 9 2 2 1 131 3 1 1 2 23 11 1 1 2 1 1 2 3 1 3 5 20 7 17 5 22 19 4 1 11 1 339 350 11 11 0 141 0 0/339 36 0
>150μm 14 5 4 7 3 26 5 19 2 14 2 1 1 6 1 2 1 8 17 3 1 21 2 6 2 3 2 1 2 2 13 3 1 2 15 5 1 2 2 227 361 134 124 10 9 0 0/227 1 0
>63μm 17 2 9 1 9 6 34 12 1 1 2 2 1 3 5 6 1 2 2 1 3 14 5 1 1 2 4 2 2 3 9 2 2 4 171 789 356 185 163 22 3 0 0/171 0 0
DMC 10 330 >500μm 1 2 2 21 3 4 1 2 3 6 3 8 1 5 2 2 3 1 2 72 72 0 0 0 28 3 4/64 5 3
>250μm 3 32 16 2 5 3 1 3 9 2 1 1 1 4 1 9 3 8 5 3 1 67 5 4 1 2 4 4 1 1 5 8 1 2 3 1 4 4 2 3 1 42 1 1 11 291 304 13 13 0 190 7 2/289 51 1
>150μm 57 26 7 3 2 11 9 1 1 2 2 1 1 12 4 1 2 1 3 2 1 1 8 158 321 163 163 0 6 2 0/158 0 0
>63μm 3 1 8 7 8 2 3 15 1 2 3 2 2 5 6 1 3 5 77 598 318 241 234 7 1 0 1/76 0 0
DMC 11 290 >500μm 1 3 2 111 7 34 9 6 38 5 37 3 4 2 5 267 267 0 0 0 59 21 5/261 23 20
>250μm 1 1 11 3 5 6 8 6 18 2 12 3 1 107 6 3 2 8 10 4 2 9 15 1 2 1 1 1 5 5 4 93 356 356 0 0 0 254 4 1/356 131 0
>150μm 25 17 4 5 1 1 4 12 33 42 2 1 3 2 5 2 14 4 2 19 2 3 2 1 2 8 1 20 3 1 5 2 3 3 254 313 59 58 1 19 0 0/254 3 0
>63μm 3 2 9 1 5 1 7 25 17 2 13 3 1 2 2 3 5 1 8 1 4 1 4 120 997 323 203 183 20 0 0 0/120 0 0
DMC 12 180 >500μm 1 23 1 1 2 1 1 30 30 0 0 0 1 2 0/30 1 2
>250μm 1 1 2 11 4 8 3 3 231 2 4 3 4 1 3 1 13 8 2 6 9 320 320 0 0 0 83 4 0/320 48 2
>150μm 21 5 7 5 5 3 2 10 14 25 4 2 3 3 26 3 1 1 3 105 5 1 1 4 1 2 1 40 1 2 1 7 1 1 1 6 323 327 4 4 0 12 0 0/323 12 0
>63μm 11 2 3 8 1 7 4 1 2 11 14 66 1 13 2 34 5 1 1 1 3 7 1 2 30 14 2 17 264 937 329 65 55 10 0 0 0/264 0 0
DMC 13 150 >500μm 1 1 1 1 4 4 0 0 0 0 0 0/4 0 0
>250μm 4 1 1 1 2 2 1 12 12 0 0 0 0 0 0/12 0 0
>150μm 59 12 47 7 2 3 1 9 40 12 2 3 12 4 213 216 3 1 2 0 0 0/23 0 0
>63μm 32 12 14 7 9 1 11 2 4 2 1 1 1 10 2 1 7 4 9 8 2 55 2 3 14 2 3 3 12 2 7 2 3 6 5 3 5 4 271 500 301 30 16 14 0 0 1/270 0 0
DMC 17 120 >500μm 12 12 12 0 0 0 0 0 0/12 0 0
>250μm 2 3 1 1 10 1 2 1 265 1 1 6 1 295 295 0 0 0 9 1 2/293 4 0
>150μm 16 6 2 6 3 12 2 2 47 5 156 3 4 24 2 4 2 4 3 303 303 0 0 0 0 0 5/298 0 0
>63μm 26 5 5 1 9 2 2 1 12 6 102 1 3 18 1 6 6 1 2 7 2 1 5 61 5 4 6 8 2 310 920 317 7 6 1 0 0 0/312 0 0
DMC 5 65 >500μm 64 2 9 75 75 0 0 0 1 0 0/75 1 0
>250μm 1 2 4 1 1 66 3 3 2 4 87 92 5 5 0 41 4 9/78 8 1
>150μm 7 6 36 8 2 1 16 6 9 23 7 6 3 16 1 1 3 6 1 1 16 4 7 3 5 6 5 1 4 4 214 330 116 39 77 33 1 39/175 5 0
>63μm 1 8 1 10 3 1 2 1 7 5 15 2 8 2 1 9 2 1 2 1 6 88 464 310 222 26 196 0 0 0/88 0 0
DMC 7 25 >500μm 78 11 13 4 4 110 110 0 0 0 3 0 0/110 2 0
>250μm 1 18 1 20 130 20 0 0 0 6 6 1/19 0 0
DMC 2 20 >500μm 32 2 6 40 40 0 0 0 0 1 0/40 0 1
(NODULE) >250μm 1 5 4 3 118 7 66 3 2 2 2 1 1 9 2 3 1 1 1 1 2 1 1 237 309 72 61 11 33 1 153/237 22 0
>150μm 1 2 6 5 3 8 3 25 1 2 3 2 2 1 2 1 2 1 70 320 250 127 123 6 0 39/31 0 0
>63μm 1 2 1 1 2 3 8 2 9 1 1 1 1 2 1 36 383 315 279 82 197 0 0 2/34 0 0
DMC 3 10 >500μm 285 3 17 9 17 331 331 0 0 0 0 0 0/331 0 0
>250μm 1 1 73 1 1 2 1 10 2 2 94 153 59 48 11 45 11 1/93 8 0
>150μm 9 13 2 1 3 1 6 1 3 1 1 1 1 9 1 1 1 7 12 1 4 1 1 3 2 3 89 311 222 109 113 17 2 8/84 0 0
Danian >63μm 11 2 12 4 2 4 8 7 13 1 5 1 13 2 1 2 1 1 4 1 2 2 1 1 2 20 123 637 315 192 31 161 0 0 2/121 0 0
Maastrichtian DMC 1 -10 >500μm 45 4 7 56 56 0 0 0 0 0 0/56 0 0
>250μm 4 6 2 62 1 3 56 6 1 3 3 4 2 153 317 164 134 30 17 1 80/73 0 0
>150μm 2 2 6 12 18 1 1 1 1 9 2 1 1 1 58 316 258 162 96 4 0 37/21 0 0
>63μm 1 1 5 3 5 3 1 1 14 2 1 1 1 1 2 1 1 1 1 46 313 292 246 53 193 1 0 5/49 0 0
DMC 8 -150 >500μm 19 3 8 30 30 0 0 0 0 0 0/11 0 0
>250μm 2 2 11 37 1 2 55 3 2 4 1 3 5 1 129 204 75 49 26 8 1 52/77 1 0
>150μm 1 1 1 3 5 11 3 22 1 1 1 1 12 1 2 4 3 1 2 3 2 81 327 246 121 125 3 0 46/35 0 0
>63μm 5 1 2 1 1 1 3 9 7 2 1 1 19 2 1 2 2 1 1 1 63 303 294 231 95 136 0 0 4/59 0 0
DMC 9 -300 >500μm 33 3 11 47 47 0 0 0 0 0 0/47 0 0
>250μm 6 2 56 3 65 1 4 1 2 2 7 3 1 1 154 258 104 70 34 21 3 69/85 3 0
>150μm 1 1 1 1 1 2 6 4 19 1 1 1 9 1 2 1 1 1 1 55 256 201 60 141 7 0 31/24 0 0
>63μm 1 1 1 2 10 6 3 1 13 2 1 1 1 43 299 299 256 35 221 0 0 4/40 0 0
DMC-16 -400 >500μm 24 2 3 29 29 0 0 0 0 0 0/29 0 0
>250μm 5 3 54 7 80 4 1 2 7 5 1 169 304 135 98 37 24 3 77/92 5 0
>150μm 1 2 6 3 2 17 2 14 2 4 1 1 3 1 59 311 252 157 95 0 0 34/25 0 0
>63μm 2 1 1 4 5 6 3 17 1 4 1 1 2 1 49 312 263 57 206 0 0 9/41 0 0
TOTAL 1 5 359 40 3 203 110 18 0 1 9 1 2 56 3 13 16 8 10 1 0 3 1 75 98 241 404 74 69 19 457 0 22 22 3 2 13 11 43 16 1 1 2 1 0 14 3 54 5 6 20 32 7 4 9 10 12 4 167 0 2 3 3 0 27 1 36 4 1 1 250 13 2 0 2 7 2 0 1 0 1 1 2 1 4 2483 72 43 1 11 9 47 10 13 48 14 2 4 0 3 7 1 1 4 1 0 12 14 4 6 5 2 19 2 0 109 2 2 1 4 1 0 12 52 1 30 13 9 10 42 9 1 7 25 1 3 5 22 5 6 2 5 230 15 9 10 11 0 6 5 25 45 130 10 14 89 2 62 66 7 4 0 1 1 8 1 11 54 1 2 2 0 1 6 1 12 5 0 165 3 1 21 46 16 6 29 3 0 75 0 7576 7270 12542 0 4966 2650 2316 0 0 1085 78 370 30
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DMC 14 420 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,92 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,85 0,00 5,77 0,00 3,85 3,85 55,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,59 0,59 0,00 0,88 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,59 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,77 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 2,65 0,59 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,29 0,00 0,00 38,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,29 0,00 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 6,78 0,00 0,00 0,00 0,00 0,00 3,24 0,29 0,29 0,59 0,29 0,00 0,29 0,59 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,29 0,00 0,00 0,88 0,00 0,00 0,00 1,47 5,90 2,06 5,01 0,00 1,47 0,00 0,00 6,49 5,60 0,00 1,18 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,24 0,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 96,86 3,14 3,14 0,00 141 0 0 0,00 36 0
>150μm 0,00 0,00 6,17 0,00 0,00 2,20 1,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,08 1,32 11,45 2,20 0,00 0,00 0,00 0,00 8,37 0,88 0,00 0,00 0,00 0,00 6,17 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,44 0,00 0,44 2,64 0,44 0,00 0,00 0,00 0,00 0,88 0,00 0,44 0,00 0,00 0,00 0,00 0,00 3,52 0,00 0,00 0,00 7,49 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 9,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 2,64 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,00 0,00 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,88 5,73 1,32 0,00 0,00 0,44 0,00 0,00 0,00 0,88 0,00 0,00 0,00 0,00 0,00 0,00 6,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,44 0,00 0,88 0,88 0,00 62,88 37,12 34,35 2,77 9 0 0 0,00 1 0
>63μm 0,00 0,00 9,94 0,00 0,00 1,17 5,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 5,26 3,51 19,88 7,02 0,00 0,00 0,00 0,00 0,58 0,58 0,00 0,00 1,17 0,00 0,00 1,17 0,00 0,00 0,00 0,00 0,58 1,75 0,00 2,92 0,00 3,51 0,58 0,00 0,00 0,00 1,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,19 2,92 0,00 0,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 1,17 0,00 2,34 0,00 1,17 0,00 1,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,75 0,00 0,00 5,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,17 1,17 0,00 2,34 48,03 51,97 45,79 6,18 3 0 0 0,00 0 0
DMC 10 330 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,39 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 29,17 4,17 5,56 1,39 2,78 4,17 8,33 4,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,11 0,00 0,00 0,00 0,00 0,00 0,00 1,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,94 2,78 2,78 0,00 4,17 0,00 0,00 0,00 1,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 28 3 4 5,56 5 3
>250μm 0,00 1,03 11,00 0,00 0,00 5,50 0,69 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,03 0,00 0,34 0,00 1,03 3,09 0,00 0,00 0,00 0,69 0,00 0,34 0,00 0,00 0,34 0,34 1,37 0,00 0,00 0,00 0,00 0,00 0,34 0,00 3,09 0,00 1,03 0,00 2,75 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 1,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 23,02 1,72 1,37 0,00 0,00 0,00 0,34 0,69 0,00 0,00 0,00 0,00 0,00 0,00 1,37 0,00 0,00 1,37 0,34 0,00 0,00 0,00 0,00 0,34 0,00 0,00 1,72 0,00 2,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,69 0,00 0,00 0,00 0,00 0,00 0,00 1,03 0,00 0,00 0,00 0,34 0,00 0,00 0,00 1,37 1,37 0,00 0,69 0,00 0,00 1,03 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,43 0,34 0,34 0,00 3,78 0,00 0,00 0,00 0,00 0,00 95,72 4,28 4,28 0,00 190 7 2 0,69 51 1
>150μm 0,00 0,00 36,08 0,00 0,00 16,46 4,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,90 1,27 6,96 5,70 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,63 0,00 7,59 2,53 0,00 0,00 0,00 0,00 0,00 0,00 0,63 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,90 1,27 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,06 0,00 0,00 0,00 0,00 0,00 49,22 50,78 50,78 0,00 6 2 0 0,00 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 3,90 0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,39 9,09 10,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 19,48 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,60 3,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,60 0,00 0,00 0,00 0,00 2,60 0,00 0,00 0,00 0,00 6,49 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,79 0,00 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,90 0,00 6,49 24,21 75,79 73,58 2,20 1 0 1 1,30 0 0
DMC 11 290 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 41,57 2,62 12,73 0,00 3,37 2,25 14,23 1,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 13,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 1,50 0,00 0,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 59 21 5 1,87 23 20
>250μm 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,09 0,84 0,00 1,40 1,69 2,25 1,69 0,00 0,00 0,00 0,00 0,00 0,00 5,06 0,00 0,56 0,00 3,37 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,06 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,56 0,00 0,00 0,00 0,00 0,00 2,25 2,81 1,12 0,00 0,00 0,56 2,53 0,00 4,21 0,28 0,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,28 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 0,00 0,00 0,00 0,00 1,40 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 26,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 254 4 1 0,28 131 0
>150μm 0,00 0,00 9,84 0,00 0,00 6,69 1,57 0,00 0,00 0,00 0,00 0,00 1,97 0,39 0,00 0,39 0,00 0,00 0,00 0,00 0,00 1,57 4,72 12,99 16,54 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,39 1,18 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,97 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 5,51 0,00 0,00 0,00 0,00 0,00 1,57 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,48 0,79 0,00 0,00 0,00 0,00 0,00 0,00 1,18 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 3,15 0,00 0,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,87 0,00 0,00 1,18 0,00 0,00 0,00 0,00 0,00 0,39 0,00 0,00 0,00 0,00 0,00 1,97 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,18 1,18 0,00 0,00 0,00 0,00 81,15 18,85 18,53 0,32 19 0 0 0,00 3 0
>63μm 0,00 0,00 2,50 0,00 0,00 0,00 1,67 0,00 0,00 0,00 0,00 0,00 7,50 0,00 0,83 4,17 0,00 0,83 0,00 0,00 0,00 0,00 5,83 20,83 14,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 1,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,50 0,00 0,00 0,00 0,00 4,17 0,00 0,00 0,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,83 0,00 3,33 0,83 3,33 37,15 62,85 56,66 6,19 0 0 0 0,00 0 0
DMC 12 180 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 76,67 3,33 3,33 0,00 0,00 0,00 6,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 1 2 0 0,00 1 2
>250μm 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,44 0,00 0,00 0,00 1,25 0,00 0,00 0,00 0,00 0,00 0,00 2,50 0,00 0,00 0,00 0,00 0,00 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 72,19 0,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,25 0,31 0,00 0,00 0,94 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,06 2,50 0,00 0,63 0,00 0,00 0,00 1,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 83 4 0 0,00 48 2
>150μm 0,00 0,00 6,50 1,55 0,00 2,17 1,55 1,55 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 3,10 4,33 7,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,62 0,00 0,00 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,00 0,00 8,05 0,00 0,00 0,00 0,00 0,00 0,93 0,31 0,00 0,31 0,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 32,51 1,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,24 0,31 0,00 0,00 0,00 0,62 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,00 12,38 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,62 0,00 0,31 0,00 0,00 0,00 2,17 0,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 0,00 0,00 0,31 0,00 0,00 0,00 1,86 0,00 0,00 0,00 0,00 0,00 98,78 1,22 1,22 0,00 12 0 0 0,00 12 0
>63μm 0,00 0,00 4,17 0,76 0,00 1,14 3,03 0,00 0,00 0,38 0,00 0,00 2,65 0,00 0,00 1,52 0,38 0,00 0,00 0,00 0,00 0,76 4,17 5,30 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,92 0,00 0,00 0,00 0,00 0,00 0,76 0,00 0,00 0,00 12,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,89 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,38 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,00 0,00 0,00 0,00 0,00 0,00 1,14 0,00 0,00 2,65 0,00 0,00 0,00 0,00 0,00 0,00 0,38 0,76 0,00 0,00 0,00 0,00 11,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,76 0,00 6,44 80,24 19,76 16,72 3,04 0 0 0 0,00 0 0
DMC 13 150 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 25,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 33,33 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,67 0,00 0,00 0,00 0,00 0,00 0,00 16,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,33 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>150μm 0,00 0,00 27,70 5,63 0,00 22,07 3,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,94 1,41 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 4,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,63 0,00 0,00 0,00 0,94 0,00 0,00 1,41 5,63 1,88 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 98,61 1,39 0,46 0,93 0 0 0 0,00 0 0
>63μm 0,00 0,00 11,81 0,00 0,00 4,43 5,17 2,58 0,00 0,00 0,00 0,00 3,32 0,37 4,06 0,00 0,74 1,48 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,37 0,37 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,00 0,00 0,00 3,69 0,00 0,00 0,00 0,00 0,74 0,37 2,58 1,48 3,32 2,95 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 20,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,11 5,17 0,00 0,74 1,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,11 0,00 0,00 0,00 0,00 4,43 0,00 0,00 0,00 0,74 2,58 0,00 0,74 0,00 1,11 2,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 0,00 0,00 1,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,85 0,00 1,48 90,03 9,97 5,32 4,65 0 0 1 0,37 0 0
DMC 17 120 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,68 1,02 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,68 0,00 0,00 0,00 0,00 0,00 0,00 0,34 89,83 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,03 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 9 1 2 0,68 0 0
>150μm 0,00 0,00 5,28 1,98 0,00 0,66 1,98 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,99 3,96 0,00 0,00 0,00 0,00 0,00 0,66 0,00 0,00 0,00 0,00 0,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 51,49 0,99 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,92 0,00 0,00 0,00 0,66 0,00 0,00 0,00 0,00 1,32 0,00 0,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,32 0,99 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 5 1,65 0 0
>63μm 0,00 0,00 8,39 1,61 0,00 0,00 1,61 0,00 0,00 0,32 0,00 0,00 2,90 0,00 0,00 0,65 0,65 0,32 0,00 0,00 0,00 0,00 3,87 1,94 32,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,97 5,81 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 1,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,32 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 2,26 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,32 1,61 0,00 0,00 0,00 19,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,61 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,29 1,94 0,00 2,58 0,00 0,65 97,79 2,21 1,89 0,32 0 0 0 0,00 0 0
DMC 5 65 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 85,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,67 0,00 0,00 12,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 1 0 0 0,00 1 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 2,30 0,00 4,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,15 1,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 75,86 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,30 0,00 0,00 4,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 94,57 5,43 5,43 0,00 41 4 9 10,34 8 1
>150μm 0,00 0,00 3,27 2,80 0,00 16,82 3,74 0,00 0,00 0,00 0,00 0,00 0,93 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 7,48 2,80 4,21 10,75 3,27 2,80 1,40 7,48 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,40 0,00 2,80 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,48 1,87 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,27 0,00 1,40 0,00 0,00 2,34 2,80 0,00 0,00 0,00 2,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,87 0,00 0,00 0,00 0,00 1,87 64,85 35,15 11,82 23,33 33 1 39 18,22 5 0
>63μm 1,14 0,00 9,09 0,00 0,00 1,14 11,36 0,00 0,00 3,41 0,00 1,14 0,00 0,00 0,00 2,27 1,14 0,00 0,00 0,00 0,00 0,00 7,95 5,68 17,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,14 0,00 0,00 0,00 0,00 0,00 10,23 0,00 2,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,14 2,27 1,14 0,00 6,82 28,39 71,61 8,39 63,23 0 0 0 0,00 0 0
DMC 7 25 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 70,91 10,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 11,82 0,00 0,00 3,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,64 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 3 0 0 0,00 2 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 90,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 6 6 1 5,00 0 0
DMC 2 20 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 80,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,00 0,00 0,00 15,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 1 0 0,00 0 1
(NODULE) >250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 2,11 1,69 1,27 49,79 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 27,85 1,27 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,84 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 0,42 0,42 0,00 0,00 0,00 0,00 0,00 3,80 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,84 0,00 0,00 1,27 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 0,00 0,00 0,00 0,00 0,00 0,42 0,42 0,84 0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,42 76,70 23,30 19,74 3,56 33 1 153 64,56 22 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 1,43 0,00 0,00 0,00 0,00 0,00 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,57 0,00 7,14 4,29 11,43 4,29 0,00 35,71 0,00 0,00 0,00 0,00 1,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,29 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,86 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,43 0,00 0,00 0,00 2,86 0,00 0,00 0,00 0,00 0,00 1,43 0,00 0,00 0,00 0,00 0,00 0,00 2,86 0,00 0,00 1,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,88 78,13 39,69 38,44 6 0 39 55,71 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 5,56 2,78 0,00 2,78 0,00 0,00 0,00 0,00 0,00 5,56 0,00 8,33 22,22 5,56 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 25,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,78 2,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,56 0,00 0,00 0,00 0,00 2,78 11,43 88,57 26,03 62,54 0 0 2 5,56 0 0
DMC 3 10 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 86,10 0,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,14 0,00 0,00 2,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 5,14 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 77,66 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,06 0,00 0,00 1,06 2,13 0,00 0,00 1,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,64 0,00 0,00 2,13 0,00 0,00 2,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 61,44 38,56 31,37 7,19 45 11 1 1,06 8 0
>150μm 0,00 0,00 10,11 0,00 0,00 14,61 2,25 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,37 0,00 1,12 6,74 1,12 0,00 0,00 3,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 10,11 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 1,12 0,00 0,00 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,87 0,00 13,48 0,00 1,12 0,00 0,00 4,49 0,00 0,00 1,12 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,12 0,00 0,00 3,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,25 0,00 0,00 3,37 28,62 71,38 35,05 36,33 17 2 8 8,99 0 0
Danian >63μm 0,00 0,00 8,94 0,00 0,00 1,63 9,76 0,00 0,00 0,00 0,00 0,00 3,25 0,00 0,00 0,00 1,63 0,00 0,00 0,00 0,00 3,25 6,50 5,69 10,57 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,81 0,00 10,57 1,63 0,00 0,00 0,00 0,81 0,00 0,00 0,00 0,00 0,00 0,00 1,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,81 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,25 0,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,63 0,00 0,00 1,63 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,81 0,00 0,00 0,00 0,81 0,00 1,63 0,00 16,26 39,05 60,95 9,84 51,11 0 0 2 1,63 0 0
Maastrichtian DMC 1 -10 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 80,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 7,14 0,00 0,00 12,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,61 3,92 1,31 40,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 36,60 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,92 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,96 0,00 0,00 2,61 0,00 0,00 1,31 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 48,26 51,74 42,27 9,46 17 1 80 52,29 0 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 3,45 10,34 20,69 0,00 31,03 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 15,52 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,45 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 1,72 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,35 81,65 51,27 30,38 4 0 37 63,79 0 0
>63μm 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,87 6,52 0,00 10,87 6,52 2,17 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 0,00 4,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 2,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,17 0,00 0,00 0,00 0,00 2,17 15,75 84,25 18,15 66,10 1 0 5 10,87 0 0
DMC 8 -150 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 63,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,00 0,00 0,00 26,67 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,55 1,55 8,53 0,00 28,68 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,78 0,00 0,00 0,00 0,00 0,00 1,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 42,64 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,10 0,00 0,00 0,00 0,00 0,00 0,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 3,88 0,00 0,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 63,24 36,76 24,02 12,75 8 1 52 40,31 1 0
>150μm 0,00 0,00 1,23 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 3,70 6,17 13,58 3,70 0,00 27,16 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 14,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,23 0,00 0,00 0,00 0,00 2,47 4,94 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,70 0,00 0,00 0,00 0,00 1,23 2,47 0,00 3,70 2,47 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 24,77 75,23 37,00 38,23 3 0 46 56,79 0 0
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>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,90 1,30 36,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 42,21 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,60 0,00 0,00 0,65 1,30 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,30 0,00 0,00 4,55 0,00 1,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,65 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 59,69 40,31 27,13 13,18 21 3 69 44,81 3 0
>150μm 0,00 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 1,82 0,00 1,82 3,64 10,91 7,27 0,00 34,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 16,36 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,82 0,00 3,64 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,82 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 21,48 78,52 23,44 55,08 7 0 31 56,36 0 0
>63μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 0,00 2,33 4,65 23,26 13,95 6,98 0,00 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 30,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,65 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,33 14,38 85,62 11,71 73,91 0 0 4 9,30 0 0
DMC-16 -400 >500μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 82,76 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,90 0,00 0,00 10,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,00 0,00 0,00 0 0 0 0,00 0 0
>250μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,96 1,78 31,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 47,34 2,37 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 1,18 0,00 0,00 0,00 0,00 0,00 4,14 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,96 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 55,59 44,41 32,24 12,17 24 3 77 45,56 5 0
>150μm 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 3,39 0,00 10,17 5,08 3,39 28,81 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 23,73 3,39 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 6,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1,69 0,00 0,00 0,00 1,69 0,00 0,00 0,00 5,08 1,69 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 18,97 81,03 50,48 30,55 0 0 34 57,63 0 0
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APPENDIX II – STATISTICAL METHODOLOGY 
Species diversity varies with changes in environmental variables such as temperature, 
nutrient supply, and oxygenation levels, many of which are also a control on the water 
depth at which a species can live (Wakefield, 2003). Species diversity is a measure of 
both the number of species in a sample (species richness) and distribution of that 
abundance (evenness, equitability, and dominance).Diversity was measured using the 
Fisher Alpha index (Fisher et al., 1943). Higher values indicate a higher diversity. The 
Fisher Alpha index can be calculated using the formula: 
Where S is the number of taxa, n is the number of individuals and a is the Fisher Alpha 
diversity. 
 
Information theory–based indices such as the Shannon–Weiner index (H) (Shannon, 
1948) measure the average density per individual. They are used when sample size is 
considered to be large enough such that most species, including rare species, are likely 
to be present. Where pi = the proportion of the ith taxon. H is therefore a measure of the 
uncertainty of correctly predicting the identification of a species to which any randomly 
chosen specimen from a sample population will belong (Buzas, 1979). Uncertainty is at 
its highest when individuals are distributed between a large number of taxa and is at its 
lowest when there are few taxa. An advantage of the Shannon–Weiner index over 
860
species richness indices is its relative insensitivity to the presence/absence of rare 
species and therefore the effects of sediment dilution (Wakefield, 2003). 
 
Assemblage heterogeneity was measured using the Shannon-Wiener index Shannon, 
1948). The Shannon-Wiener index takes into account both the number of individuals 
and the number of taxa. A value of 0 indicates a community with only a single taxon, 
with values increasing as community heterogeneity increases. The Shannon-Wiener 
index can be calculated using the formula: 
Where pi is the proportion of individuals belonging to the ith species and H is the 
heterogeneity. Hmax is the maximum value of H’ calculated using the formula: 
Where S is the total number of species. 
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Located to the north of the Stevns Klint Peninsula (Denmark), Kulstirenden shows the transition from
Cretaceous chalks to Danian carbonates across the Cretaceous e Paleogene (K/Pg) boundary. The K/Pg
boundary at Kulstirenden is represented by the Fiskeler Member (Fish Clay), a streaked marl interval
with a smectite rich, red oxidised layer at its base marking the boundary. The Fiskeler Member is
important as it includes the iridium concentration linked to the bolide impact which may have caused
the end-Cretaceous mass extinction and is at its maximum thickness at Kulstirenden (c.45 cm).
Calcareous dinoﬂagellate cysts (Calciodinelloideae) have been investigated from within the ﬁne fraction
(45e125 mm) at Kulstirenden in order to understand the ecological implications of these enigmatic
microfossils. Several species were found within the Fiskeler Member, including Orthopithonella collaris
Wendler et al. (2001, Rev. Palaeobot. Palynol. 115, 69e77). This species is of particular interest as it
demonstrates reduced paratabulation and may indicate a transgressive period immediately after the K/
Pg boundary event. O. collaris has been described as a morphotype formed under post-K/Pg environ-
mental conditions and is, therefore, described as a “disaster” taxon that marks the K/Pg boundary at
Stevns Klint. The distribution of this taxon is more extensive than previously documented, disappearing
as carbonate sedimentation returned in the Cerithium Limestone Member of the Danian. Several
calcareous microfossil specimens that were found cannot be associated with the dinoﬂagellates and
display Bolboforma-like features. While the origins of Bolboforma are enigmatic, the current ﬁnding
expands their stratigraphic range and suggests an appearance of this group of organisms found at Stevns
Klint may give an insight into the inception of this group into the earliest Danian.
 2011 Elsevier Ltd. All rights reserved.1. Introduction
Located south of Copenhagen, Stevns Klint is a cliff succession
that exposes uppermost Maastrichtian and lowermost Danian sedi-
ments, including the Cretaceous e Paleogene (K/Pg) boundary. At
Stevns Klint, the K/Pg boundary is represented by a relatively thin,
clay rich layer known as the Fiskeler Member (previously known as
Fish Clay) which is preserved in the troughs between uppermost
Maastrichtian chalk mounds and which is overlain by a gradation
upwards into the overlying Danian limestones (Hart et al., 2005). The
Fiskeler Member is widely regarded as containing the evidence of
a bolide impact with a fall-out layer at its base (Alvarez et al., 1980;
Smit, 1999). The changes in the biology and chemistry of the Fiskeler.
(A.D. Leighton).
All rights reserved.
86Member reﬂect the relatively short-term environmental changes
associated with an extraterrestrial impact, probably associated with
the impact crater at Chicxulub (Hildebrand et al., 1991; Wendler
et al., 2001; Schulte et al., 2006, 2010; Keller, 2008). Other authors,
however, have suggested that the Fiskeler Member was of local
origin (Schmitz, 1988). What is not in question is that the Fiskeler
Member records the transition from the Cretaceous to the Danian.
This smectite rich, red layer (Bauluz et al., 2000) is present as inﬁll
within the troughs of the Cretaceous chalk mounds (see Schmitz
et al., 1992, Fig. 1). The lateral extent of the Fiskeler Member is
variable across the whole of the Stevns Peninsula (Surlyk et al.,
2006). The geochemical and palaeontological aspects of the Fisk-
eler Member have been previously studied at Stevns Klint, most
notably by Schmitz et al. (1992), Frei and Frei (2002), Hart et al.
(2004, 2005), Rasmussen et al. (2005) and Sepulveda et al. (2009).
However, most studies (with the exception of Sepulveda et al.
(2009)) have taken place at the most accessible (and famous) part6
Fig. 1. Locality map of the Stevns Peninsula, Denmark (after Hart et al., 2004).
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a certain extent, Rødvigwhere the Fiskeler Member is at a maximum
thickness of c.7 cm (Fig. 1). As a result, resolution of data is often
reduced across such an important boundary. This is in contrast with
the location a few km north at Kulstirenden where the Fiskeler
Member has a thickness of <45 cm.
The K/Pg boundary is marked by an important decrease in
calcareous nannofossil absolute abundance (Bernaola and Monechi,
2007). Although most authors state that a signiﬁcant proportion of
the Cretaceous species found in the Danian sediments (excluding
a few persistent species) are reworked (see Tantawy, 2003 and
references therein; Bown, 2005) a few authors suggest that several
Cretaceous species survived the catastrophe though they disappeared
after a short time (Gardin and Monechi, 1998; Gardin, 2002). Calcar-
eous dinoﬂagellate cysts show a high diversity throughout the
Cretaceous and are assumed to reﬂect conditions within the photic
zone (Wendler andWillems, 2002). They also display a wide range of
character traits and differing morphological ornamentation from
species to species such as cyst formation, cyst size, wall structure or
cyst shape. Previous studies byWendler et al. (2001) andWendler and
Willems (2002) were the ﬁrst high-resolution analyses of the Fiskeler
Member and indicate the presence of a distinctive ﬂora of calcareous867dinoﬂagellate cysts (Calciodinelloideae) within the thinner Fiskeler
Member at Højerup. Kienel (1994) also studied calcareous dinoﬂa-
gellate cysts across the K/Pg boundary within the Boreal realm,
including Stevns Klint, but never investigated the Fiskeler Member.
Calcareous dinoﬂagellate cysts are particularly well preserved
throughout the Fiskeler Member at Stevns Klint. This is in contrast to
the severe dissolution affecting some of the foraminifera (Hart et al.,
2005). As a result of this the calcareous dinoﬂagellate cysts seem to
record a more complete record than the foraminifera.
The Subfamily Calciodinelloideae (Fensome et al., 1993) includes
all dinoﬂagellates that form calcareous resting cysts as part of their
life cycle (Wendler and Willems, 2002). These cysts are mostly
spherical in shape and do not show any signs of paratabulation in the
majority of cases, although some species clearly reﬂect the peri-
dinioid plate pattern of the corresponding motile dinoﬂagellate
(Wendler et al., 2001). Wendler et al. (2001) describe a new species
(Orthopithonella collaris Wendler et al., 2001) exclusively present at
Stevns Klint. O. collaris is very distinctive as it shows reduced para-
tabulation and the authors conclude that it has a “pulse-like”
occurrence immediately after the boundary event in the Fiskeler
Member. Species that display reduced paratabulation are of partic-
ular interest as their occurrence in the stratigraphic record is char-
acterised by short-term, often event-like abundance peaks in
relation to transgressive/regressive trends (Wendler et al., 2001) and
Milankovitch cyclicity (Wendler et al., 2002). Studies of calcareous
dinoﬂagellate cysts around the K/Pg boundary time interval are
limited, with the southern Atlantic Ocean and the Boreal realm
preferentially studied: see Willems (1994) and Hildebrand-Habel
et al. (1999). In this study we focus on the distribution patterns of
speciﬁc Calciodinelloideae (i.e., O. collaris, Pithonella spp.) across the
K/Pg boundary along with some problematic ﬁndings that poten-
tially can be grouped with Bolboformawithin the expanded Fiskeler
Member at Kulstirenden. This study aims to focus on the ecological
interpretations of these Calciodinelloideae.
A revision of the upper Maastrichtian e Danian lithostratig-
raphy of the succession exposed at Stevns Klint has recently been
provided by Surlyk et al. (2006) who propose new names for the
individual members of the succession (Fig. 2). The beds examined
in this study belong to the Sigerslev Member (¼ White coccolith
chalk), Fiskeler Member (¼ Fish Clay) and Cerithium Limestone
Member (¼ Cerithium Limestone). The Højerup Member (¼ “Grey
Chalk”) is absent in some sections at Kulstirenden, including the
section analysed in this study. This revised lithostratigraphical
terminology is used here.
1.1. Geological setting
Stevns Klint is the coastal cliff of the Stevns Peninsula in the
south-eastern part of the Danish Basin (Anderskouv et al., 2007)
which was part of an extensive NW European epeiric sea (Surlyk,
1997). Bounded by the inverted Sorgenfrei e Tonquist Zone to the
north east and the Ringkøbing e Fyn High to the south (Bjerager
and Surlyk, 2007), the Danish Basin was elongated in a NWeSE
orientation (Håkansson and Thomas, 1999) and formed by rifting in
the earliest Permian through to the Jurassic, with subsequent
thermal contraction in the Cretaceous (Anderskouv et al., 2007).
The Stevns Klint area lies just to the northern edge of the Ring-
købing e Fyn High (Fig. 3) and to the east is the major tectonic
boundary of the Fennoscandian Border Zone (Hart et al., 2004). As
a result, the basement below the Cretaceous succession is exten-
sively faulted (Hart et al., 2005), although the thrusting and
bedding-plane slippage seen in some other, arguably more famous,
K/Pg sections in Southern Spain (Agost and Caravaca de la Cruz) is
not observed in the Danish sections (Hart et al., 2004, 2005). During
the latest Maastrichtian, a narrow marine seaway crossed over the
Fig. 2. Lithostratigraphy for the MaastrichtianeDanian succession exposed at Stevns Klint (after Surlyk et al., 2006).
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west of the Danish region. The south west of the Danish Regionwas
connected through to the Tethyan area across Europe via the Cri-
mean Basin (Håkansson and Thomas, 1999).
2. Materials and methods
Samples for micropalaeontological analysis were carefully
prepared in a clean environment at the University of Plymouth.
Samples were processed using the White Spirit method of Brasier
(1980). Where the samples were pure chalks or partially cemented
limestones, they were placed inside clean sealable bags and gently
crushed down to a maximum size of large pebbles (according to the
Wentworth Scale) using an iron pestle and mortar before being
returned to the same aluminium bowl and submerged in deionised
water for a minimum of 12 h. These samples were returned to
a specially designed iron pestle and mortar and gently crushed to
aﬁne sand/silt grademixture. Although these sampleswere subjected
to a more physical approach, there seems to be no indication that this
caused excessive damage to the microfossils and this technique is
widely used in the preparation of “chalky” samples (see Heinburg,
2005; Rasmussen et al., 2005). Samples that were processed in this
way are indicated in Fig. 4 with an asterisk (*). All samples were wet
sieved through a 45 mmmesh and the residues collectedwerewashed
into ﬁlter paper and returned to their original aluminium bowls
before being placed in the oven at a temperature of 40 C for a period
of at least 5 h. Once dried, the >45 mm residues were dry sieved on
250 mm,150 mmand 63 mmsieves.Micropalaeontological analysiswas
achieved using an eyelash sable brush under a binocular microscope
and mounted on a lightly gummed micropalaeontological slides. All
sampleswere processed and analysed in stratigraphical order in order86minimise contamination between samples. No chemicals were used
in the processing except White Spirit and, in line with processing
technique of Hart et al. (2004, 2005). Checks of damage being caused
to the microfossils and the bias that this might have caused were
made at all stages of the processing. It is, therefore, proposed that
there is no evidence to suggest that the micropalaeontological resi-
dues are not a good representation of the initial assemblages. Speci-
mens that were selected for analysis under the scanning electron
microscope (SEM) were mounted on a specimen stub with a double-
sided sticker and coated twice with 12 Å gold (to avoid “charging”)
using a sputter coater. SEM analysis and imaging was performed on
a JEOL 5600 and 6100 SEM at an accelerating voltage of 15 kV.
Calculations of the number of cysts/g were made using the equation;
#perg=1gram¼#counted*weight45150=weightcounted*weightbulk
2.1. Site location
Kulstirenden is located w8 km north of Højerup towards the
northern end of Stevns Klint (Hart et al., 2005) on the north-eastern
facing sea cliffs. The succession at Kulstirenden has been over-
looked by the majority of previous studies in favour of the more
accessible sections at Højerup and Rødvig: see Schmitz et al. (1992)
and references therein. The expanded Fiskeler Member at Kulstir-
enden is located high in the cliff succession (Fig. 5), in contrast to
Højerup and Rødvig where the Fiskeler Member is accessible
directly from the beach. Present along the Stevns Klint section is
a prominent, regular line of massive black ﬂints that can be
correlated throughout the succession at Højerup, Harvig and Kul-
stirenden (Hart et al., 2005; Surlyk et al., 2006) and this provides
a direct correlation between the various locations (Fig. 6). The8
Fig. 3. Geological map of Denmark showing the position of Stevns Klint and Thisted (marking the location of other key K/Pg boundary sections such as Nye Kløv, Bulberg). (modiﬁed
after Hart et al., 2005).
A.D. Leighton et al. / Cretaceous Research 32 (2011) 606e617 609
Appendix IV - Papers Produced During PhDFiskeler Member rests directly on a hardground, with the white
chalks of the Sigerslev Member immediately below this hard-
ground (Hart et al., 2005). The boundary between the Fiskeler
Member and the underlying white chalks of the Sigerslev Member
reﬂects an abrupt transition from carbonate to clay sedimentation,
with the gradational return of carbonate sedimentation in the
Cerithium Limestone Member (Hart et al., 2005). The expanded
Fiskeler Member at Kulstirenden is shown in Fig. 7.
3. Results and analysis
Previous work at Højerup by Wendler et al. (2001) and Wendler
and Willems (2002) indicated the presence of calcareous dinoﬂa-
gellate cysts in the Cretaceous chalks and basal Danian marls. These
studies identiﬁed 12 distinct species across the K/Pg boundary.
Wendler et al. (2001) and Wendler and Willems (2002) wet sieved
through a 20 mmmesh, while this study wet sieved through a 45 mm
mesh. Subsequently, some of the taxa described by Wendler et al.
(2001) and Wendler and Willems (2002) are in the smaller size
range (e.g., Cervisiella spp., Calcicarpinum spp., Lentodinella danica)
and are not represented in this study. To fully investigate calcareous
dinoﬂagellate cysts in their entirety at Stevns Klint, reprocessing
using a 20 mmmeshwill be undertaken in on-going research. Several
species of calcareous dinoﬂagellate cysts and other problematic
microfossils were found in varying abundances over the stratigraphic
interval studied at Kulstirenden within the 45e63 mm and the
63e150 mm size fractions used in this study. Identiﬁcation, using869electronmicroscopy, indicates that calcareous dinoﬂagellate cysts are
particularly well preserved throughout the section, in comparison
with the dissolution affecting some species of foraminifera. Wendler
et al. (2001) also found this to be the case at Højerup, although the
sampling interval they studied was small (>2 cm) and did not extend
into the Cerithium Limestone Member. “Pithonella” sp. recorded the
longest stratigraphical distribution, being present in every sample
picked within the Danian (Fig. 4). “Pithonella” sp. is distinct as it has
a surface crystal pattern that made it clearly distinguishable from
ambiguous carbonate grains. “Pithonella” sp. was recorded as “Pith-
onella” as this species displayed elongations along one axis and was
similar (morphologically) to specimens described by Wendler and
Willems (2002). O. collaris also extends over a long stratigraphic
interval, ranging from16.5 cm toþ4.25 cm. The stratigraphic range
of O. collaris is signiﬁcant as it does not appear to have the “pulse-
like” distribution just above the boundary described byWendler et al.
(2001) despite the short-term geological duration of the Fish Clay
deposition. The distribution of O. collaris is more extensive than the
previous lower-resolution study of Wendler et al. (2001) described
although it does appear to be a “disaster species”. New ecological
interpretations can be proposed from this occurrence and these are
discussed below. A quantative distribution for both O. collaris and
“Pithonella” sp. is shown in Fig. 8, based on the numbers that were
picked from the 63e150 mm size fraction.
O. collaris cysts/g records a ﬁrst occurrence at 16.5 cm with
a peak in abundance at13 cm of 14.38 cysts/g, coinciding with the
top of the black and grey streakedmarl.O. collaris is absent from the
Fig. 4. Sedimentary log of the Kulstirenden section. The scale is at zero within the Fiskeler Member as it is placed at a marked colour change that is present throughout the local
succession.
Fig. 5. Sampling at Kulstirenden being undertaken by Prof. M. Hart, Prof. E. Håkansson and Dr C. Heinburg. The K/Pg boundary is indicated by the red dotted line. (For interpretation
of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article).
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Fig. 6. Lithological logs for the various sections investigated across Stevns Klint. Included is the new stratigraphical scheme of Surlyk et al. (2006) for the exposures at Stevns Klint.
Modiﬁed after Hart et al. (2004).
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ates around w3 cysts/g up section. O. collaris is absent
from þ3.25 cm upwards in the 63e150 mm size fraction but is,
however, recorded in the 45e63 mm size fraction at þ4.25 cm: it is
not recorded above this level. The upper stratigraphic range of
O. collaris coincides with the transition from the Fiskeler Member toFig. 7. Expanded Fish Clay section at Kulstirenden. 1) Højerup Member. 2) Fiskeler Member
Member and the Fiskeler Member. The exact boundary between the Fiskeler Member and th
with a dotted line.
871the Cerithium Limestone Member. This is located in the sedimen-
tary succession by a change from a marl to a limestone. “Pithonella”
sp. cysts/g record a ﬁrst appearance at the boundary layer sample
at 18 cm with a peak in abundance at 16.5 cm of 68.66 cysts/g.
“Pithonella” sp. cysts/g ﬂuctuate around w9 cysts/g to the limit of
sampling, the species being present in both the 45e63 mm and the. 3) Cerithium Limestone Member. The K/Pg boundary is located between the Højerup
e Cerithium Limestone Member is undeﬁned and transitional, and as such is indicated
Orthopithonella collaris Wendler et al., 2001/g "Pithonella" sp./g
Fig. 8. Quantitative distribution of two calcareous dinocyst species (“Pithonella” sp. and Orthopithonella collaris) from within the Fiskeler Member at Kulstirenden.
Fig. 9. Stratigraphical distribution of calcareous dinoﬂagellate cysts at Kulstirenden, Stevns Klint. Species “A” e “Pithonella sphaerica”, sample KU29. Range; 18 cme17 cm. Scale
bar ¼ 20 mm. Species “B” e “Pithonella” sp., sample KU28. Range; 18 cmeþ8.5 cm. Scale bar ¼ 10 mm. Species “C” e Orthopithonella collaris, sample KU25. Range; 16.5 cmeþ4.25 cm.
Scale bar ¼ 20 mm. Species “D” e “Pirumella” sp., sample KU27. Range; 15 cme14 cm. Scale bar ¼ 10 mm. Species “E” e “micro-problematicum E”, sample KU29. Range; 18 cme17 cm.
Scale bar ¼ 50 mm. Species “F” e “micro-problematicum F”, sample KU16. Range; þ4 cmeþ3 cm. Scale bar ¼ 50 mm. Species “G” e “micro-problematicum G”, sample KU39.
Range; þ6.25 cmeþ8 cm. Scale bar ¼ 50 mm. Species “H” e “micro-problematicum H”, sample KU29. Range; 18 cme17 cm. Scale bar ¼ 20 mm.
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Fig. 10. 1. Orthopithonella collaris; lateral view. Note the anatpically pointed, slightly asymmetric sulcal ridge. Scale bar 20 mm; 2. O. collaris; ventral view. Note characteristically
steeper right side of the cingular ridge. Scale bar 20 mm; 3a. O. collaris; ventral view with open archeopyle. Cyst displays a round to sub-angular archeopyle. Scale bar 20 mm; 3b.
O. collaris; detail of inner and outer wall. Inner wall crystals are aligned in a radial wall type, while the outer wall crystals are larger and randomly orientated. Scale bar 1 mm 3c.
O. collaris; surface crystal pattern. Scale bar 5 mm; 3d. O. collaris; apical view. Cysts displays a round to sub-angular archeopyle. Scale bar 20 mm.
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Fig. 11. 1. Species “E” e “micro-problematicum E”, sample KU29. Range; 18 cme17 cm. Scale bar 50 mm; 2. Species “H” e “micro-problematicum H”, sample KU29. Range;
18 cme17 cm. Scale bar 20 mm; 3. Species “D” e “Pirumella” sp., sample KU27. Range; 15 cme14 cm. Scale bar 10 mm; 4. Species “G” e “micro-problematicum G”, sample KU39.
Range; þ6.25 cmeþ8 cm. Scale bar 50 mm; 5. Species “F” e “micro-problematicum F”, sample KU16. Range; þ4 cmeþ3 cm. Scale bar 50 mm; 6. Species “A” e “Pithonella sphaerica”,
sample KU29. Range; 18 cme17 cm. Scale bar 20 mm; 7. Species “B” e “Pithonella” sp., sample KU28. Range; 18 cmeþ8.5 cm. Scale bar 10 mm; 8a. Species “B” e “Pirumella kra-
sheninnikovii(?)”, sample KU28. Range; 18 cmeþ8.5 cm. Scale bar 10 mm; 8b. Species “B” e “Pirumella krasheninnikovii(?)”. Surface crystal pattern. Scale bar 5 mm.
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With our present sampling at Kulstirenden the upper stratigraphic
limit cannot be conﬁned.
4. Discussion and conclusions
Studies of calcareous dinoﬂagellate cysts at Stevns Klint
comprise the work of Kienel (1994), Wendler et al. (2001) and
Wendler and Willems (2002). The distribution of the calcareous
dinoﬂagellate cysts and other problematic microfossils found
within the Fiskeler Member in this study are presented in Fig. 9.
Scanning electron microscope images of O. collaris are shown in
Fig. 10, while all other calcareous dinoﬂagellate cysts are illustrated
in Fig. 11. Our principle ﬁndings are presented below.
4.1. Orthopithonella collaris Wendler et al., 2001
The ﬁrst record of O. collaris (Fig. 10) is only found in the Fiskeler
Member at Højerup (Wendler et al., 2001). The species was, there-
fore, described as being a possible biostratigraphic and ecological
marker for post-K/Pg environmental conditions in continental shelf
areas by Wendler et al. (2001). O. collaris displays reduced para-
tabulation and is, therefore, of particular interest as occurrences of
calcareous dinoﬂagellate cysts with reduced paratabulation in the
stratigraphic record are characteristic of short-term, often “event
like” abundance peaks in relation to transgressive/regressive trends
and Milankovitch cyclicity (Wendler et al., 2001, 2002; Wendler and
Willems, 2002). The reduced paratabulation pattern is also unique to
O. collaris which clearly distinguishes it from other calcareous
dinoﬂagellate cysts. At Kulstirenden (this study), O. collaris ﬁrst
appears in the basal Danian and is absent at the top of the Fiskeler
Member, not being present in any size fraction of the samples from
the Cerithium Limestone Member. The peak abundance of O. collaris
is at the top of the black and grey streaked marl (sample KU25). Our
work conﬁrms the ﬁndings of Wendler et al. (2001) that this species
is “Orthopithonella” based on the radial wall type of the orientation of
the c-axiswall crystals (Fig.10 3b) as deﬁned by Kohring et al. (2005).
Its occurrence, solely within the Fiskeler Member at both Højerup
and Kulstirenden, suggests that this species is a “disaster species”
formed during a period of environmental stress. Wendler and
Willems (2002) propose that O. collaris is stress-controlled and
state that this is themost “straightforward explanation” of the short-
term appearance of O. collaris. This view is supported by Kohring
et al. (2005) who state that character traits in calcareous dinoﬂa-
gellate cysts are triggered by palaeoceanographic parameters such as
sea-level changes, water temperature, nutrient conditions, etc.. The
lack of information about O. collarismakes the interpretation of it as
a world-wide or even regional marker for the K/Pg boundary
impossible. However, O. collaris can be used as a marker for the K/Pg
boundary at Stevns Klint as two separate areas (Højerup and Kul-
stirenden) record its occurrence within the Fiskeler Member. It is
also suggested that the reduced paratabulation is ecologically trig-
gered and not a genetically ﬁxed character trait. Assumptions can
only be made as to why this occurs. Perhaps the paratabulation may
be related to buoyancy or changes in temperature, nutrient supply or
salinity caused by the K/Pg event.
Wendler andWillems (2002) alternatively suggest that O. collaris
could have been a latitudinal invader in comparison with organic
dinoﬂagellates which apparently show a pulse-like temperature-
related latitudinal migration event in the aftermath of the K/Pg
impact (Brinkhuis et al., 1998). Wendler et al. (2001) suggests that
O. collariswas an invader from the Boreal realm based on thework of
Brinkhuis et al. (1998) who proposed a pulse-like northward
migration of a Tethyan, warm water, organic-walled dinoﬂagellate
cyst species during the deposition of the Fiskeler Member. Hart et al.875(2005) suggest that the FiskelerMembermarks amaximum ﬂooding
surface, suggesting that the appearance of O. collaris may be indic-
ative of a transgressive interval within the Fiskeler Member. The
appearance and increase in abundance of the benthic foraminiferid
Tappanina selmensiswithin the Fiskeler Member (Hart et al., 2011) is
further evidence of this sea-level rise as T. selmensis is thought to be
a deeper water taxon, normally indicative of an outer shelf setting
(Schmitz et al.,1992). A rise in sea-level across the boundary and into
the earliest Danian is indicated by Schmitz et al. (1992, Fig. 2) and
this may explain the calcareous dinoﬂagellate cyst record.
4.2. “Pithonella” sp.
“Pithonella” sp. is the most abundant calcareous dinoﬂagellate
cyst within the section, being present in the 45e63 mm and
63e150 mm size fractions. “Pithonella” sp. has a micro-crystalline
wall structure comprising of columnar crystals and is considered
in this study tobe a Cretaceous form that has been reworked into the
Danian samples. Upper Cretaceous chalks characteristically contain
a high abundance of spherical calcareousmicrofossils determined to
be pithonelloid by their wall type (Wendler andWillems, 2004). Its
peak abundance occurs in sample KU28. This record does not reﬂect
the peak abundance of the “in situ” O. collaris in sample KU25. The
lowermost Danian samples also show evidence of reworking of
uppermost Cretaceous foraminifera (e.g., Bolivinoides spp). This is
further evidence of the reworking of the uppermost Cretaceous
chalks during the deposition of the basal Danain. Distribution of
upwards-decreasing numbers is suggestive of reworking and has no
ecological signiﬁcance other than availability of a “source”.
4.3. The “Bolboforma” mystery?
For some of the specimens present in the Fiskeler Member an
associationwith calcareous dinoﬂagellates is questionable. Specimens
E-H in Fig. 9 display no evidence of dinoﬂagellate characteristics (e.g.,
archaeopyle type or theca tabulation) and are larger than most
calcareous dinoﬂagellate cysts which are 30e90 mm in diameter.
These specimens are more representative of Bolboforma, which are
normally characterised by a calcitic monocrystalline sphaeroidal test
with, or without, inner cysts (Spiegler et al., 2005) and are charac-
teristic of predominantly temperate to cool regions in both the
Northern and Southern Hemispheres (Spiegler, 1999). Spiegler et al.
(2005) describe Bolboforma tests as being mostly sphaeroidal and
single-chambered with a conical or tubular neck ending in a simple
aperture. Such forms have afﬁnities with protophytic algae
(Spezzaferri and Rögl, 2004). Sepulveda et al. (2009) examined in
detail the geochemistry of the Fiskeler Member and stated that
photosynthesis, although diminished, persisted across the K/Pg
boundary. Sepulveda et al. (2009) also concluded that primary algal
production in a neritic high-latitude ecosystem rapidly recovered
after the K/Pg event. These ﬁndings are signiﬁcant in the context of
the proposed afﬁnity of Bolboforma to protophytic algae. Test sizes
range from 60e240 mm, at an average of less than 150 mm in diameter.
The surface morphology is characterised by reticulation, spines,
knobs, ridges or ﬂanges (Spiegler et al., 2005). These characters are
seen in specimens E-H in Fig. 9. A tubular neck appears to be present
in specimen H (Fig. 11.2). The determination of these specimens as
being Bolboforma implies an expansion of the stratigraphic range of
this “genus” by 12Ma to the K/Pg boundary. The previously stated
range of Bolboforma is late Early Eocene to Late Pliocene (Spiegler
et al., 2005). Identiﬁcation of these microfossils as Bolboforma
would require the ﬁrst occurrence of the taxon to be lowered by
w12 Ma. Spiegler (1999) indicated that bolboformids are marine,
calcareous microfossils of “uncertain origin” with Spiegler et al.
(2005) stating that their origin remains enigmatic. Our specimens
A.D. Leighton et al. / Cretaceous Research 32 (2011) 606e617616
Appendix IV - Papers Produced During PhDdo not appear to be reworked as they are very well preserved. They
display almost pristine preservation in samples which record severe
carbonate dissolution in other microfossils (e.g., foraminifera). Bol-
boformids are recorded as showing strong resistance to dissolution
(Spezzaferri and Rögl, 2004).
5. Conclusions
Calcareous dinoﬂagellate cysts across the K/Pg boundary at Kul-
stirendenareabundant, ornateandwellpreserved.This isparticularly
the case for samples from within the Fiskeler Member. O. collaris is
foundexclusively in the FiskelerMemberatKulstirendenandappears
to be a genuine “disaster” species immediately following the K/Pg
event. O. collaris has a greater stratigraphic occurrence than previ-
ously described, largely due to the higher sampling resolution of the
Fiskeler Member at Kulstirenden. To fully investigate the calcareous
dinoﬂagellate cysts and the other problematic microfossils at Stevns
Klint, processing using a 20 mmmesh would be required, in linewith
Wendler et al. (2001) and Wendler and Willems (2002). O. collaris
displays reduced paratabulation, which is thought to indicate
a transgressiveperiod immediatelyabove theK/Pgboundary. This rise
in sea-level is supported by the foraminiferal and sedimentological
record. Cysts that display a distinctive paratabulation and is thought
to reﬂect a narrow palaeoecological niche (Wendler and Willems,
2004) and often occur in environments of highly ﬂuctuating condi-
tions. The paleobiogeographical occurrence ofO. collaris is impossible
to determine as this species has only been described from Stevns
Klint. Wendler et al. (2001) interpreted O. collaris as being either
a morphotype formed under environmental stress or an invader into
the Boreal realm from higher or lower latitudes. Since no other
occurrence of O. collaris has been documented it is, therefore,
suggestive of a specieswhichwas formed under conditions related to
the post-K/Pg boundary event. If O. collaris is recorded in other K/Pg
boundary sections world-wide then it would become a potential
marker species for the K/Pg event. IfO. collaris is not found elsewhere
then it must be an ecophenotype. Some other calcareous dinoﬂagel-
late cysts that appear in the Fiskeler Member, or indeed the whole
Kulstirenden section, are enigmatic as some display characteristic
traits of bolboformid taxa. The potential relationship of Bolboforma
with protophytic algae is also signiﬁcant with the biomarker data of
Sepulveda et al. (2009) and may point towards the earliest recovery
players after the K/Pg boundary. Should these species be interpreted
as Bolboforma then this would lower their ﬁrst stratigraphic occur-
rence by w12 Ma and suggest that the origins of Bolboforma are
related to the K/Pg boundary event.
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ABSTRACT: The benthic foraminifera have been studied from a large number of samples collected from successions both in, and close to, the Brazos
River (Falls County, Texas, U.S.A.) and from the cliffs of Stevns Klint (south of Copenhagen, Denmark). The sections from the Brazos River contain
extensive and nearly continuous outcrops, recording the so-called ‘‘event’’ deposits and the Cretaceous–Paleogene boundary. Micropaleontological
analysis of samples taken from the Mullinax-1 core, and some of the exposures in the Brazos River (and tributaries), have been investigated for benthic
and planktic foraminifera, all of which are indicative of relatively shallow shelf conditions. The benthic foraminifera suffer a significant loss of diversity
at the level of the ‘‘event’’ deposits, which appear to predate the micropaleontological Cretaceous–Paleogene boundary, but no mass extinction is
recorded. The agglutinated taxa almost disappear at this level, and the faunal changes indicate that there may have been a shallowing at that time. The
benthic foraminifera from Stevns Klint are very different from those recorded in Texas, being typical of assemblages in the chalk facies of northwestern
Europe. At the base of the Højerup Member (previously known as the Grey Chalk) there are significant changes in the benthic assemblage, again
suggestive of a shallowing event at the level of two closely spaced hardgrounds, which often merge into a single horizon. The ‘‘event’’ deposits of the
Brazos River successions may, therefore, be related to events associated with the hardground horizon at Stevns Klint, and the evidence for this
interpretation is presented. This, and other, correlations provide data for the construction of a sequence stratigraphy for the Cretaceous–Paleogene
boundary interval.
KEY WORDS: Cretaceous, Paleogene, Foraminifera, Brazos River, Stevns Klint, Sequence Stratigraphy
INTRODUCTION
The Cretaceous–Paleogene boundary has been studied intensively in
recent years as a result of the mass extinction at that time (MacLeod et
al., 1997). It has been widely accepted that the nature of these
extinctions was the result of a large, cataclysmic bolide impact at
Chicxulub in the Gulf of Yucata´n, Mexico (Bourgeois et al., 1988; Smit
et al., 1996; Yancey, 1996; Heymann et al., 1998; Norris et al., 1999;
Smit, 1999, 2005; Schulte et al., 2006; Schulte et al., 2010), though a
minority have questioned this interpretation and presented evidence
that this impact may have predated the mass extinction (Adatte et al.,
1996; Keller et al., 2003; Keller et al., 2007; Keller et al., 2009; Gale,
2006). The effect of this proposed impact is recorded both in the
terrestrial realm (extinction of the dinosaurs) and in the marine
environment (extinction of ammonites, most planktic foraminifera, and
many taxa of calcareous nannofossils, etc.); see MacLeod et al. (1997),
Keller (2001), Aziz and Tantawy (2003 and references therein), and
Paul (2005). Whilst most published data are based on planktic
foraminifera and calcareous nannofossils, very few publications (e.g.,
Keller, 1992; Culver, 2003) address the information provided by the
benthic foraminifera. Benthic foraminifera are thought to have suffered
relatively little, mainly seeing slight changes in their communities due
to the temporary collapse of the food chain (Culver, 2003; Alegret and
Thomas, 2004; Hart et al., 2005), whereas the planktic community is
thought to have suffered severe extinctions, including the demise of
large ornate tropical and subtropical species (Keller et al., 1995; Keller,
2001).
The data presented here are from outcrops and one cored well along
the Brazos River and its tributaries in Falls County, Texas, U.S.A. (Fig.
1). They are used for: (1) determining patterns of ecological change
within the benthic ecosystem (Alegret et al., 2003, Molina et al., 2005);
(2) making comparisons with the response of planktic foraminifera
(Keller et al., 2002a; Keller et al., 2002b; Karoui-Yaakoub et al., 2002;
Abramovich et al., 2003); and (3) comparisons with environmental
change elsewhere across the Cretaceous–Paleogene boundary (Adatte
et al., 2002; Hart et al., 2004; Hart et al., 2005; Friedrich and Meier,
2006).
The End-Cretaceous Mass Extinction and the Chicxulub Impact in Texas
SEPM Special Publication No. 100, Copyright  2011
SEPM (Society for Sedimentary Geology), Print ISBN 978-1-56576-308-1, CD/DVD ISBN 978-1-56576-309-8, p. 179–196.
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THE CRETACEOUS–PALEOGENE BOUNDARY:
BRAZOS RIVER (FALLS COUNTY, TEXAS, U.S.A.)
AND STEVNS KLINT (DENMARK)
Several localities are recognized globally for the excellent exposure
of the Cretaceous–Paleogene boundary. El Kef (Tunisia) is the Global
Stratotype Section and Point (GSSP), and Stevns Klint (Denmark) is
the historic location for an earlier definition of the Maastrichtian–
Danian boundary (Abilgaard, 1759; Desor, 1847; Rosenkrantz, 1924;
Surlyk et al., 2006). Stevns Klint is located south of Copenhagen, on
the edge of the ‘‘basement’’ feature known as the Ringkøbing–Fyn
High (Fig. 2; see Surlyk et al., 2006). The chalk cliffs of Stevns Klint
extend from Rødvig in the south to Bogeskov in the north (Fig. 3), and
along their length they display a range of subtle lithological variations
(Fig. 4). In Spain there are key sections at Zumaya, Agost, and
Caravaca (Pardo et al., 1996). Several localities in Mexico are of
interest as a result of their proximity to the proposed Chicxulub impact
site (Smit et al., 1992; Smit et al., 1996; Keller et al., 2003; Stu¨ben et
al., 2005). The Brazos River area in Falls County (Texas) is also known
for the reportedly complete sedimentary record across the boundary
event and for the excellent preservation of calcareous microfossils.
The Brazos River area comprises several localities (Fig. 1), each of
which contain outcrops of the Maastrichtian (Corsicana Formation and
underlying—but not studied—Kemp Formation) and the Danian
(Kincaid Formation). There are a great many general descriptions of
the succession, including those of Hansen et al. (1987), Keller (1989),
and Yancey (1996). It was, however, a paper by Bourgeois et al. (1988)
that stimulated interest in the succession when they described the
sandstones at the base of the Kincaid Formation as being the result of a
tsunami caused by a (yet undiscovered) bolide impact. Once
Hildebrand et al. (1991) had identified the Chicxulub structure in the
Yucata´n Peninsula, interest in the Brazos River succession intensified.
Much of the work on the sedimentary rocks of the boundary interval
has involved detailed biostratigraphy, stable isotope stratigraphy, and
geochemistry both in support of an impact interpretation (see Smit et
al., 1996; Heymann et al., 1998; Schulte et al., 2006; Schulte et al.,
2008) and contradicting this interpretation (Keller et al., 2004; Keller et
al., 2007; Keller et al., 2008; Keller et al., 2009). In a recent review,
Gale (2006) has questioned the tsunami interpretation of the succession
based on sedimentological evidence (including an analysis of the trace
fossil communities).
The Brazos River area exposes a succession of claystones,
mudstones, shales, and sandstones that gives exceptional coverage of
the events across the boundary and immediately below that level. These
deposits contain a nearly complete record of the uppermost
Maastrichtian (Corsicana and Kemp formations) and the lowermost
Paleogene (Kincaid Formation). There are a number of localities in the
Brazos River, Cottonmouth Creek, and Darting Minnow Creek, all of
which are indicated in Figure 1.
The Mullinax-1 well was drilled in a meadow 370 m downstream of
Highway 413 bridge (GPS location: 31807053.00 00N, 96849030.14 00W);
see Keller et al. (2007). Samples from the Mullinax-1 core record the
Cretaceous–Paleogene boundary and the succession of claystones and
sandstones which include the ‘‘event’’ deposits (the ‘‘sandstone
complex’’ of Keller et al., 2007; Keller et al., 2009; ED of Prauss,
2009). The Mullinax-1 well site is 1.2 km from Cottonmouth Creek (a
FIGURE 1.—Locality map of the Brazos River area showing the location of the Mullinax-1 core and the two tributaries (Darting Minnow Creek and
Cottonmouth Creek). Brazos-1 (BR-1) is the only location in the main river channel discussed in the text.
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tributary 1.8 km downstream from Highway 413 Bridge; Keller et al.,
2007. At this locality, two sites were investigated. These sites are
approximately 40–50 m apart and identified as Cottonmouth Creek
Waterfall (CMWF ¼ CM1) and Cottonmouth Creek 4 (CM4) to
distinguish these sections from previous studies. The samples from the
Mullinax-1 core, on which most of our work in Texas is based, are
replicated in the Mullinax-2 and Mullinax-3 cores, which have not
been studied as a part of this investigation.
LITHOSTRATIGRAPHY
As indicated above, the Stevns Klint succession is the historical
location for the definition of the Cretaceous–Paleogene boundary
(Desor, 1847). Most research has concentrated on the cliffs near the old
Højerup church (gamle kirke); see Christensen et al. (1973), Hultberg
(1985, 1986, 1987), and Schmitz et al. (1992). In this area one can see a
magnificent range of exposures of the key lithostratigraphical features
of the succession (Fig. 4). The Cretaceous–Paleogene boundary clay
(Fiskeler Member¼Fish Clay of earlier workers) is very thin (, 7 cm)
at this locality but has been studied at other parts of Stevns Klint where
it is expanded (, 45 cm), although other parts of the underlying chalk
succession are absent (see Hart et al., 2004; Hart et al., 2005;
Rasmussen et al., 2005; Surlyk et al., 2006).
The Corsicana Formation of the Brazos River succession comprises
gray silty claystones and mudstones with concretions and abundant
molluscan debris, some of which is preserved as aragonite. Some of the
benthic foraminifera (e.g., Epistomina spp.) are also preserved in their
original aragonite. Some of the shell debris is scattered, while in some
parts of the succession it is concentrated into discrete layers. The top
0.5 m of the Corsicana Formation is a bioturbated claystone, full of
Thalassinoides burrow fills, and which is truncated by an erosional
surface. Cutting through this surface are further Thalassinoides
burrows with a glauconitic sand infill. In places, however, the
claystone below the ‘‘sandstone complex’’ appears to be reworked,
with large (; 20 cm diameter) clasts of intact claystone and marlstone
surrounded by softer, more shell-rich claystones. This is most
noticeable below the waterfall in Cottonmouth Creek (CMWF¼CM1).
The overlying Littig Member of the Kincaid Formation has, at its
base, the ‘‘event deposits’’ of Bourgeois et al. (1988) and Yancey
(1996). As indicated by Gale (2006) the basal unit is highly variable,
depending on where it is described. Gale (2006, p. 176–177, his Fig. 5)
notes that, at the Brazos River site RB-4 (located within the river bed),
there is a layer of large (0.1–0.3 m diameter) cementstone concretions
set in a clay matrix (the Spherule Conglomerate Bed of Yancey, 1996).
FIGURE 2.—Geological map of Denmark and the location of the Stevns
Peninsula south of Copenhagen (after Hart et al., 2005). The
Ringkøbing–Fyn High is a basement feature that extends across
Denmark from the North Sea Basin towards the location of Stevns
Klint.
FIGURE 3.—Locations on the Stevns Peninsula that have been sampled
as part of this investigation of the Cretaceous–Paleogene boundary
in Denmark (after Hart et al., 2005). The locations in Northern
Denmark (Dania¼D; Nye Kløv¼NK) are also indicated.
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In thinner successions, between the channels postulated by Gale
(2006), such as BR-1 (located on the Brazos River bank), the basal
layer is a shelly, glauconitic sandstone with small (1–5 cm) clay clasts,
fish debris, and small phosphatic pebbles. This ‘‘lag conglomerate’’ is
overlain by a succession of hummocky and rippled sandstones. Most
workers have described one or two hummocky cross-stratified, fining-
upwards sandstones, although Gale (2006, p. 178) indicates that he,
and the late Jake Hancock, measured five when water levels in the
Brazos River were exceptionally low.
The upper parts of the cross-stratified units contain assemblages of
Ophiomorpha nodosa (Lundgren) while other beds have evidence of
Thalassinoides ichnospecies and Planolites ichnospecies. At BR-1 the
sandstone bed(s) are overlain by a calcareous claystone 10 cm thick
(the Calcareous Bed of Gale, 2006, p. 178). This is quite indurated,
forming a ledge across the river bed, and containing abundant
fragmentary plant debris. At BR-1 this cemented bed is overlain by
; 0.1 m of calcareous mudstone that is slightly darker than the
underlying bed. The top of this unit is an omission surface (the
micropaleontological Cretaceous–Paleogene boundary as defined by
Keller, 1989). The overlying sandy bed is thin and intermittent but,
where present, contains foraminifera of the PO Zone (Keller, 1989).
Above this is a thin, silty claystone which is overlain by the quite
prominent ‘‘Middle Sandstone Bed’’ (¼Unit J of Hansen et al., 1987).
SAMPLE LOCATIONS
Field work in Texas by Sarah Searle, Gerta Keller, and co-workers
was undertaken in February 2007. During that time a number of
locations were studied and measured, and samples were collected for
analysis. Malcolm Hart collected further samples from Cottonmouth
Creek in March 2009 with Thomas Yancey (Texas A & M University).
The succession at Stevns Klint was investigated by Sean Feist and
Malcolm Hart in 2001 and by Malcolm Hart in 1975, 1982, 2003, and
2004. It must be noted that our material from Stevns Klint comes from
a range of locations along the 14 km cliff section: notably at Rødvig,
Harvig, Højerup, and Kulstirenden (Figs. 3, 4).
Brazos River (BR-1)
This section is downstream from the Highway 413 bridge and
located in the Brazos River bed and forms part of the localities studied
by Gale (2006) (Fig. 1). The BR-1 section represents the most
complete record of the ‘‘sandstone complex’’ sampled in February
2007. Eighteen individual beds were identified, the majority of which
were sampled for micropaleontological investigation. There are several
layers of broken shell fragments (shell hash), while other beds contain
abundant glauconite and/or spherules.
FIGURE 4.—Correlation and lithostratigraphical terminology of the Stevns Klint succession (modified after Hart et al., 2005, and including the
revised terminology introduced by Surlyk et al., 2006).
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Mullinax-1 Core
The Mullinax-1 core (Keller et al., 2007) contains a succession
almost identical to that recorded in the BR-1 succession (Fig. 5). This is
unsurprising given the close proximity of the two locations, although
some variability is recorded. The 8.8 m core analyzed by us provides a
nearly continuous record of the Maastrichtian–Danian succession.
Samples for this investigation were taken from splits of this core, and it
must be noted that the samples are, therefore, much smaller than might
otherwise be studied in an investigation of the benthic foraminifera
from outcrops. This creates a problem for paleoecological interpreta-
tion, inasmuch as the assemblage is often significantly reduced in
number (Table 1). The small samples also make stratigraphic ranges
intermittent, rather than continuous, for some taxa.
The top of the core is located within the dark gray mudstones (Lower
Danian), which become lighter-colored and sandier towards 7.5 m
depth down the core. At this level there are a few macrofossils and
evidence of bioturbation. This interval represents the Cretaceous–
Paleogene boundary but records no significant lithological change. The
mudstones become less well sorted, and burrows are infilled with
framboidal pyrite. At ; 8 m the mudstones are replaced by thin
sandstone layers with horizontal burrows. The mudstones become
more calcareous toward 8.2 m. There is a lithological change between
8.3 and 8.8 m; laminated silty mudstones are beneath a sequence of
sandstones. This layer of sandstones is repetitive and is marked by
hummocky cross-stratification (HCS), interbedded with coarse sand-
stones, cross-bedded sandstones with spherules, and three beds of
sandstones that fine upwards and contain glauconite and spherules
(Keller et al., 2007). The base of this lithological unit is marked by an
erosional contact with the underlying shales and mudstones.
Cottonmouth Creek
Cottonmouth Creek is a small, often dry, tributary of the Brazos
River south of highway 413. There are a number of localities in this
creek, including the waterfall section (CMWF; about 10 m from the
CMA of Keller et al., 2007). The second locality, CM4 (near CMB of
Keller et al., 2007), is only 40 to 50 m away down the creek.
The lowest levels in the CMWF section comprise dark gray
claystones and mudstones with evidence of bioturbation. There are
both disseminated shell fragments and occasional concentrations of
molluscs. Sixty centimeters above the base of the exposed succession is
a thin (3 cm) yellow clay which Keller et al. (2007) have identified as a
cheto-smectite horizon produced from altered Chicxulub impact glass.
This horizon is ; 45–60 cm below the ‘‘sandstone complex’’ although
it does not appear to be present in the succession seen in Darting
FIGURE 5.—Stratigraphic column of the Mullinax-1 core. This includes graphs of the planktic foraminifera:benthic foraminifera ratio, calcareous
foraminifera:agglutinated foraminifera ratio, and the Shannon Index (based on benthic foraminifera).
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Minnow Creek, which is located only a short distance to the south. The
base of the sandstone complex is erosional and undulating, cutting into
the underlying shell-rich bed in which are found claystone clasts of the
underlying Corsicana Formation. Above the erosion surface are two
upwards-fining shell-rich and spherule-rich glauconitic sands. The
cross-stratified sandstones are variable in thickness: 60 cm thick in the
center of the waterfall section but only 30 cm thick on either side.
The CM4 section has hummocky cross-stratified sandstones at the
base, which are seen in the center of the (usually dry) creek bed. The
most distinctive feature of this dominantly claystone succession is the
thin layer of Fe-rich nodules just below the micropaleontological
Cretaceous–Paleogene boundary, a line of gray calcareous concretions
in Zone P1a and the erosional base of the ‘‘Middle Sandstone Bed’’: a
siltstone bed with macrofossil debris and quite intense bioturbation.
Darting Minnow Creek
There are a number of sites along this creek which is located to the
south of Cottonmouth Creek. No samples have been studied from here
in this present research, although a complete suite of samples has now
been collected during fieldwork in October 2010.
Stevns Klint (Denmark)
Although it is not the GSSP for the Cretaceous–Paleogene boundary,
Stevns Klint remains an important succession for both stratigraphy and
micropaleontology. In recent years Schmitz et al. (1992), Feist (2001),
Hart et al. (2004) and Hart et al. (2005) have investigated the benthic
and planktic foraminifera at a number of sections (Rødvig, Harvig,
TABLE 1.—Counts of foraminifera and calculations of Shannon Index for benthic diversity, planktic:benthic ratio, and calcareous:agglutinated
ratio.
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Højerup, and Kulstirenden) along the 14 km cliff profile (Figs. 2, 3).
Hart et al. (2005) particularly drew attention to a much expanded
thickness of the Fish Clay at Kulstirenden (Fig. 4). Since that work was
published, Surlyk et al. (2006) have revised the lithostratigraphy,
although their new lithostratigraphical ‘‘units’’ are all quite easy to
identify within the informal terminology used by Hart et al. (2004) and
Hart et al. (2005) which was current at that time. The new
lithostratigraphical nomenclature has been used in this paper and is
included in Figure 4, which shows a correlation of the main features of
the succession.
SAMPLE PREPARATION AND ANALYSIS
Samples collected in the field were prepared by either the ‘‘white
spirit method’’ (see Brasier, 1980), gently crushed under water, or thin-
sectioned. Disaggregated samples were washed on a 45 lm or a 63 lm
sieve and dried in a cool (408C) oven. Quantitative analysis of benthic
foraminifera was carried out on the total assemblage (. 125 lm
fraction) and about 300 specimens counted from subsamples obtained
(when necessary) using a microsplitter. Assemblages were then sorted,
identified, and counted and the data compiled on a spreadsheet. Taxa at
species level of , 1% average across the data set were removed, and
the statistical analysis based only on common and abundant taxa. On
the basis of assemblage counts values of H(S) for diversity were
calculated using the Shannon Index. Raw data from the assemblage
counts were transformed into percentages, and total abundance and
abundance curves plotted. The 125–63 lm fraction was inspected for
additional species, but these were not counted. Lenticulina spp. have
been processed at Princeton University for stable isotope analysis
(d18O and d13C).
MICROPALEONTOLOGICAL RESEARCH
The foraminifera of the Corsicana Formation were included in
Cushman’s (1946) monograph, although none of his samples appear to
have come from the immediate vicinity of the Brazos River. Cushman
(1946) did not study the Tertiary foraminifera from the area. Smith and
Pessagno (1973) also made a detailed investigation of the planktic
foraminifera of the Corsicana Formation, revising much of Cushman’s
work. More recently, the planktic foraminifera of both the Maas-
trichtian and the Paleogene have been described by Keller (1989),
Keller et al. (2007) and Keller et al. (2009). For this investigation of the
benthic foraminifera, the monograph of Cushman (1946) has provided
most of the taxonomic information, modified—where appropriate—by
Loeblich and Tappan (1987). A taxonomic listing of the species named
in this paper is provided in the Appendix.
The interpretation of the benthic foraminifera in terms of community
structure, feeding strategies, morphogroups, and environment has
developed markedly in the last twenty years. Earlier paleoecological
interpretations were, primarily, paleobathymetric models based on
recorded distributions (e.g., Sliter and Baker, 1972; Murray, 1973;
Scheibnerova´, 1976, 1978; Olsson, 1977; Haig, 1979; Ingle, 1980;
Petters and Ekweozor, 1982; Olsson and Nyong, 1984; Nyong and
Olsson, 1984; Koutsoukos and Merrick, 1986; Osterman, 2003). Since
that time there has been a more ‘‘biological’’ approach, with a
consideration of the function of the foraminiferal test (Lipps, 1976,
1983; Corliss, 1985, 1991; Corliss and Chen, 1988; Bernhard, 1986).
As indicated by Koutsoukos and Hart (1990) the foraminiferal test
serves four basic functions:
 Protection against predation;
 protection against adverse environmental conditions;
 optimization of dwelling habitats and feeding strategies on, or in,
particular substrates; and in the case of planktic foraminifera
 to assist in the control of buoyancy of the organism.
The trophic structure (feeding strategies, dwelling habitats, substrate
selection) of foraminiferal paleo-communities is influenced by the
overall environmental conditions (e.g., bathymetry, sedimentation rate,
oxygen concentrations in the overlying water column and within the
sediment, temperature, calcium carbonate availability, etc.), food
resources (Rhoads and Young, 1970; Sokolova, 1972), and substrate
type (Scott, 1978; Rhoads and Young, 1970). Morphogroup analysis
(sensu Jones and Charnock, 1985; Koutsoukos and Hart, 1990) has,
therefore, become the normal methodology employed in environmental
interpretation of benthic foraminifera (e.g., Nagy, 1992; Keller, 1992;
Tyszka, 1994a; Tyszka, 1994b; Jorissen et al., 1995; Nagy et al., 1995;
Van der Zwann et al., 1999; Fugagnoli, 2004; Ba˛k, 2004; Szydlo,
2004; Reolid et al., 2008).
Foraminifera in the Brazos River Succession
Assemblages from the Brazos River sections are dominated by
calcareous taxa, agglutinated species reaching a peak of ; 70% prior
to the deposition of the ‘‘sandstone complex’’ but commonly
constituting only 10–40% of the assemblage at the very base of the
Mullinax-1 core interval analyzed (Table 1). The assemblage present is
highly diverse and characteristic of upper bathyal to neritic faunas
(Koutsoukos and Hart, 1990), as indicated by Cibicides spp.,
Praebulimina spp., and laevidentalinids. Diversity remains almost
constant, with values of the Shannon Index (H0) ranging between 1.75
and 2 H0 (Fig. 5). Because the planktic assemblage contains few
deeper-water morphotypes (e.g., globotruncanids), being dominated
by Heterohelix globulosa and Guembelitria cretacea, the environment
was probably more neritic in character. This would be in keeping with
the general setting of the Brazos River area, which is located relatively
close to the Late Cretaceous shoreline (Fig. 1) at the southern end of
the Western Interior Seaway (although this was almost closed by the
end of the Maastrichtian).
Pre-‘‘Sandstone Complex’’ Deposits: At 8.58 m in the core,
diversity decreases to zero (for one sample), after which six species
(Coryphostoma plaitum, Lenticulina stephensoni, Planulina correcta,
P. nacatochensis, Praebulimina carseyae, and P. laevis) disappear,
returning during deposition of the ‘‘sandstone complex’’, possibly
through reworking (Figs. 6, 7). The pre-‘‘sandstone complex’’
claystones and mudstones are characterized by an assemblage
dominated by Cibicides subcarinatus, Coryphostoma plaitum, Lentic-
ulina stephensoni, Verneuilina cretosa, and Tritaxia spp. The
agglutinated foraminifera are quite large, well-developed forms that
are typical of an upper bathyal to outer neritic setting (Koutsoukos and
Hart, 1990).
Three new species appear at this level, including Epistomina sp. cf.
E. caracolla, Pulvinella sp. 1, and Valvulinella sp. A.. Immediately
above this there is a ‘‘flood’’ of Verneuilina cretosa, which forms a
marked peak of agglutinated foraminifera at 8.48 m.
The ‘‘Sandstone Complex’’ Deposits: The recorded distribution of
benthic foraminifera in the ‘‘sandstone complex’’ (Fig. 7) is governed
by:
 Small sample size, which is more of a problem in sandy lithologies
than it is in clay or mudstone sediments;
 preservation and potential for reworking; and
 processing problems caused by the indurated lithologies.
The single most important feature of the ‘‘sandstone complex’’
assemblage is that there are no species present that are not represented
in either the underlying or overlying assemblages. This lack of foreign
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or exotic elements is problematic if the ‘‘sandstone complex’’
represents the deposition of sediments thoroughly mixed with material
picked up by a tsunami. This supports the sedimentological evidence of
Yancey (1996), who presents arguments in favor of a series of local
storm events rather than a tsunami. Gale (2006), again using
sedimentological and ichnological data, proposed that the ‘‘sandstone
complex’’ was the result of a late Maastrichtian sea-level fall, which
created a channelled erosion surface. The overlying lag deposit
includes clasts derived from the underlying mudstones set in a shell-
rich, glauconitic sand matrix. Gale (2006) describes five discrete
‘‘events’’ between which the sands were colonized by the ichnofauna.
Unfortunately the distribution of benthic foraminifera in the ‘‘sand-
stone complex’’ does not, at present sampling densities, allow
recognition of these separate events, although further field samples
collected in October 2010 are being investigated in a continuation of
this research. The recorded changes in the foraminiferal assemblages at
the level of the ‘‘sandstone complex’’ have two significant findings:
1. The level of the ‘‘sandstone complex’’ marks a significant change in
the planktic:benthic ratio and that the post-‘‘sandstone complex’’
mudstones and siltstones are dominated by benthic taxa. This would
normally indicate a shallowing event unless the planktic component
is reduced by other causes.
2. The large agglutinated taxa (Verneuilina, Tritaxia, Plectina) become
an insignificant part of the benthic assemblage (or disappear totally)
above the ‘‘sandstone complex’’. The benthic foraminifera record a
shallowing from an outer-neritic to an inner-neritic or middle-neritic
environment at this level.
The shallowing recorded by the benthic assemblage, therefore,
supports the sedimentological conclusion of a sea-level fall, bringing
the depositional environment to within storm wave base (circa 65–85
m).
Post-‘‘Sandstone Complex’’ Deposits: Above the ‘‘sandstone
complex’’ there is a return to mudstone deposition, and this would
require an increase in water depth (no matter how slight) to allow the
undisturbed sedimentation of clay grade sediments. Prauss (2009), in
an analysis of the palynology of the Mullinax-1 core, presents evidence
for a transgressive surface just above the ‘‘sandstone complex’’.
The mudstones between the ‘‘sandstone complex’’ and the
Cretaceous–Paleogene boundary (as defined by Keller et al., 2007)
are dominated by an assemblage of benthic foraminifera that includes
Cibicides subcarinatus, Eponides haidingerii, Lenticulina stephenso-
ni, and Reussella spinulosa. The presence of Epistomina sp. cf. E.
caracolla is significant, because the preservation of this aragonitic
taxon is very good and this normally requires a dense clay to act as an
aquiclude (Hart et al., 2009a).
The Cretaceous–Paleogene Boundary: Diversity at the Creta-
ceous–Paleogene boundary does not change significantly, with a
variation between 1.75 and 2.5 H0 (Fig. 5). There are a number of
changes in species abundance at this level, although the Mullinax-1
samples do not record the appearance of a range of new taxa (see
Keller, 1992).
Foraminifera in the Stevns Klint Succession
The foraminiferal assemblages of the Stevns Klint succession have
been described by Feist (2001), Hart et al. (2004), Hart et al. (2005),
and Leighton (2009), and these data are not repeated here as further
work is ongoing. In the Stevns Klint succession between Harvig and
Højerup, samples were collected either side of a hardground (two
closely spaced hardgrounds at Harvig) horizon that is stratigraphically
just above a very prominent line of large flints (cherts) (Fig. 4).
Pre-Hardground Assemblage (Sigerslev Member): The forami-
niferal assemblage of the Sigerslev Member (‘‘white coccolith chalk’’
of previous authors) is dominated by Cibicidoides succedens,
Gavelinella denticulata, Gryroidinoides nitida, Lenticulina muensteri,
Praebulimina spp., and Stensioeina pommerana. This assemblage is
typical of the Chalk Group throughout northwestern Europe and the
North Sea Basin (Hart et al., 1989; Frenzel, 2000). Agglutinated
foraminifera are present, but often rare, there being very little fine sand
or silt grade material in the coccolith ooze with which to construct tests.
In the Campanian and Maastrichtian many of the agglutinated taxa use
sponge spicules to construct their tests (Swiecicki, 1980; Frenzel,
2000; Feist, 2001). This assemblage would probably be regarded as
outer neritic (or perhaps slightly deeper).
Post-Hardground Assemblage (Højerup Member): The Højerup
Member (‘‘Grey Chalk’’ of previous authors) is a gray-colored
wackestone with a coccolith chalk matrix. Unlike the underlying
Sigerslev Member, where macrofauna is rare, the Højerup Member
contains abundant macrofossil debris including bryozoans, serpulids,
brachiopods, and bivalves. The amount of macrofossil debris is very
apparent in samples prepared for micropaleontological analysis. The
Højerup Member varies in thickness from 0 to 4 m and is internally
organized into a series of low asymmetrical mounds (Surlyk, 1997;
Hart et al., 2005, Fig. 4; Surlyk et al., 2006). These mounds are 3.5–4.0
m in height and , 25 m in basal dimension. The mounds overlap each
other, with the steeper (; 158) southern flanks overlapping the more
gently dipping (; 58) northern flanks, which suggests migration
towards the south. Collecting samples representative of real time is
quite difficult in what was clearly a dynamic sedimentary environment.
The assemblage is dominated by Cibicidoides succedens, Cibicides
beaumontianus, Gavelinella denticulata, Osangularia whitei, Lentic-
ulina muensteri, Marssonella trochus, Praebulimina spp. and
Stensioeina pommerana. This assemblage is quite well preserved and
appears to be in situ, although the general environmental setting makes
for a cautious interpretation of its significance. The stable isotope
record of the Højerup Member (Fig. 8) shows a smoothed profile in
contrast to the cyclical pattern recorded in the Sigerslev Member. This
would be expected in an environment that clearly indicates that
sediment grains (including foraminifera and the other macrofossil
debris) have almost certainly been transported and mixed by
reworking, thereby removing any record of an original (Milankovitch?)
cyclicity.
The agglutinated component (Ataxophragmium spp., Marssonella
trochus, Dorothia pupa, Verneuilina muensteri) of the Højerup
Member assemblage is more significant, with the change being just
above the level of the hardground (Fig. 8). The planktic assemblage is
also much reduced in the Højerup Member, being represented by
Hedbergella holmdelensis, Heterohelix striata, and Racemiguembelina
fructicosa. There are only rare records of keeled or ornamented
morphotypes. This assemblage, and the benthic component listed
above, is indicative of an inner to middle neritic environment
(Koutsoukos and Hart, 1990), although the agglutinated assemblage
would probably be regarded as indicative of a slightly deeper
environment (if in situ). However, in the Chalk Group of northwestern
Europe, the whole assemblage is typical of the latest Maastrichtian
except in the deeper parts of the North Sea Basin, where keeled
planktic taxa are both present and quite large (in comparison to onshore
locations). The nature of the foraminiferal assemblage and the
enclosing sediment implies a significant shallowing across the
hardground complex. This shallowing ‘‘event’’ has been described as
the Kanne Horizon in the Maastricht area by Schiøler et al. (1997).
Cretaceous–Paleogene Boundary: There are a number of changes
in the benthic foraminifera (Fig. 4) across the boundary as described by
Schmitz et al. (1992), Feist (2001), Hart et al. (2005), and Leighton
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(2009). There is some dissolution in the Fiskeler Member (Fish Clay of
earlier authors), which reduces the assemblage to only thick-shelled,
dissolution-resistant morphotypes (e.g., Cibicidoides spp.). The other
problem with any analysis of the assemblage is the hardness of the
Cerithium Limestone Member, which is very difficult to process for
micropaleontological analysis. The most distinctive feature of the
Fiskeler Member and the overlying Cerithium Limestone Member is
the appearance of Tappanina selmensis, a form normally associated
with deeper waters. The presence of this taxon in increasing numbers
may be indicative of increasing water depth across, and just above, the
Cretaceous–Paleogene boundary.
DISCUSSION
The distribution of the benthic foraminifera in the Mullinax-1 core
and the Stevns Klint succession displays a comparable pattern, though
with genera and species appropriate to their respective regions and
environmental settings.
 There is a significant reduction in the numbers of planktic
foraminifera at the level of the ‘‘sandstone complex’’ in the
Mullinax-1 core and other Brazos successions.
 There is a marked reduction in the planktic assemblage and a loss of
deeper water benthic morphotypes above the hardground(s) in the
Stevns Klint succession (Denmark), which appears to indicate a
relatively significant shallowing event.
 The changes in the benthic foraminiferal assemblages across the
‘‘sandstone complex’’, though distinctive, are not dramatic and
represent relatively slight changes in environmental setting.
 Samples from the ‘‘sandstone complex’’ contain no exotic
components, and there are no taxa recorded that are not present in
the underlying or overlying mudstones.
 The macrofaunal debris in the Højerup Member and the sedimentary
structures in which it is found are indicative of a shallow-water
setting, in comparison to the underlying coccolith chalk of the
Sigerslev Member.
The iridium ‘‘spike’’ at the Cretaceous–Paleogene boundary at
Stevns Klint and the base of planktic foraminiferal zone P1b
(Rasmussen et al., 2005; Keller et al., 2007) are two important fixed
data points, as is the negative d13C isotope excursion. If these are
plotted using graphical correlation methodology, then a clear pattern
emerges that allows the recognition of a possible sequence stratigraphy
of the boundary interval (Fig. 9). The concentration of iridium in the
Brazos successions is generally low, possibly influenced either by the
condensed sedimentation (Gertsch et al., this volume), or storms
following the event that have dispersed the iridium (Yancey, 1996).
Sequence Stratigraphy
The sequence stratigraphy of the Brazos River succession has been
discussed by Yancey (1996), Gale (2006), Schulte et al. (2006),
FIGURE 8.—Lithological succession at Højerup with d18O and d13C stable isotope data and the distribution of foraminifera (planktic, calcareous
benthic, and agglutinated benthic).
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Prauss (2009), and Adatte et al. (this volume). Gale (2006) concludes
that:
 The base of the ‘‘sandstone complex’’ represents a significant hiatus
and is potentially a sequence boundary;
 the hiatuses within the ‘‘sandstone complex’’ are storm-induced and,
therefore, relatively minor, although the gaps between the beds (in
which the colonization of the ichnofauna took place) clearly indicate
that the succession may span a longer interval of time than might be
apparent in the field;
 the Cretaceous–Paleogene boundary (as defined by Keller et al.,
2009) may be a minor hiatus, probably coincident with an increasing
sea level; and
 the base of the ‘‘Middle Sandstone Unit’’ is marked by a significant
hiatus which is, potentially, a sequence boundary.
The application of sequence stratigraphy to carbonate environments,
especially those deposited in relatively deep-water environments, is
quite difficult. In the absence of exposed surfaces, paleosols, influx of
detrital sediments, etc., it is almost impossible to identify (with any
precision) sequence boundaries or other parts of the standard
terminology for sequence stratigraphy. Hancock (1989) has made
extensive use of nodular chalks and hardgrounds in his models of sea-
level change in the chalk succession, taking each hardground as
marking the end of a period of relative sea-level fall. That hardgrounds
are important is not in dispute, but their association with more marginal
successions has been taken by some to indicate shallower water
conditions. Gale (1996) has summarized some of the characteristic
indicators of sea-level change in the chalk succession, although he also
highlights the problems encountered in this type of analysis.
Because most of the sediment supply for the northwestern European
chalk succession is generated in the upper 50 m (or less) of the water
column, minor changes in water depth have only a slight impact on the
sedimentation. The issues relating to depositional environments and
sequence stratigraphy in chalk successions is further discussed by Hart
(1997) and Bailey et al. (2009, their Fig.2).
In the Stevns Klint succession, Hart et al. (2005, p. 22, 23) conclude
that the double hardground seen between Højerup and Harvig at the
boundary between the Sigerslev Member and the Højerup Member
was, almost certainly, a sequence boundary and that the following
sequence boundary was located at the top of the Cerithium Limestone
(base of the Korsnæb Member). This is the base of zone P1b
(Rasmussen et al., 2005). Keller et al. (2009), and Keller et al. (this
volume) have also indicated the presence of a hiatus (sequence
boundary?) and significant lithologic change at the base of zone P1b in
all of the Brazos sections. Using a graphical representation of the
correlation between the Mullinax-1 core (coupled with additional data
from the Brazos area) and the Stevns Klint succession, it is possible to
interpret the changes below, and above, the Cretaceous–Paleogene
boundary as shown in Figure 9. The presence of a prominent nodular
flint line below the hardground horizon of Stevns Klint agrees with the
model of Taylor et al. (1994) which suggests that lines of nodules or
concentrations of nodules are often found a short distance below
sequence boundaries. This sea-level fall caused a drop in the numbers
of planktic foraminifera recorded and also allowed the formation of the
mound structures within the Højerup Member. In the Brazos
successions the highly erosional (and irregular) boundary between
the uppermost Maastrichtian mudstones and the ‘‘sandstone complex’’,
with its fine to medium-grained sandstones, ripple marks, and
FIGURE 9.—Sequence stratigraphical comparison of the succession in Denmark (Stevns Klint) and the Brazos River area (mainly Mullinax-1 core).
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hummocky cross-stratification indicates a period of shallower-water
sedimentation following a significant erosional event. The Cretaceous–
Paleogene boundary in the Brazos River succession and the Fiskeler
Member in Denmark marks the onset of a relatively slight sea-level rise
which might be part of a transgressive systems tract (TST) or even a
maximum flooding surface (MFS), and the sequence boundary at the
top of the Cerithium Limestone can be equated with Gale’s (2006)
sequence boundary at the P1a–P1b boundary. This agrees with the
foraminiferal succession at Stevns Klint described by Rasmussen et al.
(2005), in which zones P0, P1a, and P1b were identified, as well as
with the Brazos biostratigraphy, sedimentology, and sequence
stratigraphy (Adatte et al., this volume; Keller et al., this volume).
The major erosional feature below the ‘‘sandstone complex’’ does
not appear to ‘‘fit’’ within the proposed sequence stratigraphy
interpretation of the Stevns Klint sucession. Both Yancey (1996) and
Gale (2000) point to the irregular character of this surface. Yancey
(1996, his Fig. 7) shows a topography of some 60 cm or even. 1 m in
places. Gale (2000, his Fig. 5) indicates the presence of narrow
channel-like features with a depth of incision of ; 1 m. Because the
Maastrichtian mudstones of the Corsicana Formation were deposited
out in a mid-shelf environment (with abundant assemblages of planktic
and benthic foraminifera) it is difficult to understand how narrow
channels of ; 1 m depth could form on the sea floor without there
being a massive change in water depth at this level. The clasts of
mudstone incorporated in the base of the overlying ‘‘sandstone
complex’’ are, in engineering geological terminology, over-consolidat-
ed (i.e., they have been subjected to significant burial and
compaction).The presence of almost conchoidal fracture surfaces in
these mudstones suggest significant burial and exhumation at this
hiatus, and it is possible that a significant thickness of the Corsicana
Formation has been removed by a quite powerful erosional event.
One problem remains the presence of the spherules, which are a
significant component of the ‘‘sandstone complex’’ in the Brazos River
area. These clearly predate the recorded iridium concentrations (see
Gale, 2000, his Figs. 8, 10) and the micropaleontological Cretaceous–
Paleogene boundary of Keller et al. (2009 and references therein). At
Stevns Klint there are no spherules in the chalk succession prior to the
Fiskeler Member or above the lowest part of that clay succession. The
limonitic ‘‘spheres’’ seen in the basal Fiskeler Member do not appear to
be the same as the spherules of the Texas and Mexico successions. In a
recent paper on the geochemistry of the Stevns Klint succession,
Premovic´ et al. (2008) have indicated that the smectite (and trace
metals) in layer lllB (Surlyk et al., 2006) may have been redeposited as
a result of a significant sea-level fall at the Cretaceous–Paleogene
boundary. The model described by Premovic´ et al. (2008) has a number
of problems associated with it, most notably the timing of their
proposed sea-level changes.
In our work on the dinoflagellates of the Stevns Klint succession
(Hart et al., 2009b) we find an interpretation different from that
provided by Hultberg (1985, 1986, 1987), which is largely the result of
the processing techniques employed by that author (Brinkhuis,
personal communication). Using the distribution of dinocysts, spores,
pollen, and the peridinioid:gonyaulacoid ratio, the interpretation of the
shallowing in the Højerup Member is supported. The Danian
‘‘mounds’’ in the overlying Korsnæb Member contain no dinocysts,
the flora being represented only by pollen grains and other evidence of
the close proximity of terrestrial environments. This would confirm a
lowstand systems tract (LST) above the basal P1b sequence boundary.
The dinoflagellate succession of the Brazos River succession and the
Mullinax-1 core has recently been described by Prauss (2009).
Although the complete dinocyst assemblage is not documented, Prauss
has provided information on key taxa, dinocyst diversity, presence/
absence of acritarchs and microforaminiferal linings, and the presence/
absence of spores. Using various ratios (including the peridinioid/
gonyaulacoid ratio) the sea-level changes across the Cretaceous–
Paleogene boundary and the sequence stratigraphy have been
documented. Prauss (2009) uses the t/m (terrigenous/marine) index
and the concept of sequence palynology (Gregory and Hart, 1992;
Prauss, 1993, 2000, 2001). Because many dinocyst taxa show little
environmental affinities, Prauss (2009) uses the ‘‘Malloy Suite’’
(¼ tropical and subtropical taxa) and ‘‘Williams Suite’’ (¼ warm
temperate) concept of Lentin and Williams (1980). The key findings of
Prauss (2009) are:
 The Brazos successions range from outer neritic (as indicated by
Impagidinium and Pterodinium), nearshore (as indicated by
increasing numbers of acritarchs), to open neritic surface waters
(as indicated by Spiniferites).
 Diagnostic dinocysts of the Cretaceous–Paleogene boundary are
found above the ‘‘sandstone complex’’ (the ED of Prauss, 2009).
 Trilete spores increase in numbers above the ‘‘sandstone complex’’,
reaching a peak below the micropaleontological Cretaceous–
Paleogene boundary, before reducing in numbers.
 A maximum flooding surface is indicated at ; 11.2 m in the
Mullinax-1 core.
 A transgressive surface is identified immediately above the
‘‘sandstone complex’’ which probably marks a sequence boundary.
 A maximum flooding surface is identified above the Cretaceous–
Paleogene boundary, low in zone P1a.
Some of these suggestions are in agreement with the proposals
shown in Figure 9. The MFS below the ‘‘sandstone complex’’ equates
to the parallel-bedded coccolith chalk in the upper part of the Sigerslev
Member (Fig. 4). Below this, exposed in the Sigerslev Quarry (Fig. 3),
there are mound-bedded coccolith chalks that would indicate a
(slightly) shallower-water setting. Between the SB at the level of the
hardground(s) and the sequence boundary SB at the top of the
Cerithium Limestone Member the MFS—which has not been placed
exactly using the foraminiferal data—must be present in the upper part
of the Fiskeler Member or in the Cerithium Limestone Member. Prauss
(2009, his Fig. 10) records a transgressive systems tract (TST) in zone
P1b, while we suggest that the lowest part of the Korsnæb Member may
be a lowstand systems tract (LST) because of the presence of a
pollen—rather than dinocyst—assemblage.
The timing of these various sequences and other boundaries remains
unclear. Schiøler et al. (1997) identified a sea-level fall (the ‘‘Kanne
Horizon’’) 400 to 500 ky below the Cretaceous–Paleogene boundary.
We concur with this estimate, even though it is difficult to estimate the
time represented by the deposition of the Højerup Member. The
expanded Fiskeller Member at Kulstirenden (Hart et al., 2005) includes
four or five cycles in the d13C data which may represent 165 to 210 ky.
Schmitz et al. (1992, p. 255) estimated that the d13C excursion lasted
100 to 500 ky, although their view was based on the reduced thickness
of the Fiskeller Member at Højerup. The d13C shift, in many
successions, looks instantaneous, but this is an artefact of an
incomplete record (MacLeod and Keller, 1991a, 1991b; Schmitz et
al., 1992) or inadequate sampling.
CONCLUSIONS
The Cretaceous–Paleogene boundary in the Brazos River area
exposes sections which contain excellently preserved benthic and
planktic foraminiferal assemblages. The benthic foraminiferal assem-
blages are clearly responding to the environmental changes caused by
significant water depth changes. The ‘‘sandstone complex’’, which is
regarded by many as the product of a major tsunami, appears to be a
series of storm events separated by a series of trace fossil colonization
events and a number of fossiliferous siltstones. This reduction in water
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depth, which brought the Brazos sea floor above storm wave base,
appears to be the same eustatic change which ended the white coccolith
chalk sedimentation at Stevns Klint. Other locations in North Jutland,
Denmark (e.g., Nye Kløv, Dania, etc.) do not show this hiatus because
that area was not located close to the positive area of the Rinkøbing–
Fyn High (Figs. 2, 3). Using this event, and other key markers, a
sequence stratigraphic interpretation is presented, coupled with a
graphical correlation of the Texas and Stevns Klint sections.
The benthic foraminifera, though significantly different in the two
areas, respond to the environmental changes in similar ways, though
both areas show no major extinctions at the Cretaceous–Paleogene
boundary. Because samples from the Mullinax-1 core were relatively
small, further work on much larger samples collected from the Brazos
River outcrops is ongoing. The taxonomy of the benthic foraminifera
from the Brazos River area is in need of revision, the last major update
being that of Cushman (1946).
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APPENDIX
Taxonomic listing of the benthic foraminifera from the Brazos River area that are discussed in the text.
Cibicides subcarinatus Cushman & Deaderick; Cibicides subcarinatus Cushman & Deaderick, 1944, p. 341; Cibicides subcarinatus Cushman &
Deaderick, Cushman, 1946, p. 159–160, pl. 65, figs. 8–11.
Coryphostoma plaitum (Carsey); Bolivina plaitum Carsey, 1926, p. 26, pl. 4, fig. 2; Loxostoma plaitum (Carsey), Cushman, 1946, p. 130–131, pl.
54, figs. 10–14.
Dentalina alternata (Jones); Nodosaria zippei Reuss var. alternata Jones, in Wright, 1886, p. 330, pl. 27, fig. 10; Dentalina alternata (Jones),
Plummer, 1931, p. 153, pl. 11, fig. 7; Dentalina alternata (Jones), Cushman, 1946, p. 143–144, pl. 59, figs. 8, 9.
Epistomina sp. cf. E. caracolla (Roemer); Gyroidina caracolla Roemer, 1840–1841, p. 97, pl. 15, fig. 22; Epistomina caracolla (Roemer),
Cushman, 1946, p. 142–143, pl. 59, figs. 1, 2.
Eponides haidingerii (d’Orbigny); Rotalina haidingerii d’Orbigny, 1846, p. 154, pl. 8, figs. 7–9; Eponides haidingerii (d’Orbigny), Cushman,
1946, p. 142, pl. 57, figs. 13, 14.
Frondicularia sp. cf. F. clarki Bagg; Frondicularia clarki Bagg, 1898, p. 48, pl. 3, fig. 4; Frondicularia clarki Bagg, Cushman, 1946, p. 92, pl.
38, figs. 1–5.
Laevidentalina sp. cf. L. basiplanata (Cushman); Dentalina basiplanata Cushman, 1940, p. 38, pl. 6, figs. 6–8; Dentalina basiplanata Cushman,
Cushman, 1946, p. 68, pl. 24, figs. 1–6.
Laevidentalina lorneiana (d’Orbigny); Dentalina lorneiana d’Orbigny, 1840, p. 14, pl. 1, figs. 8, 9; Dentalina lorneiana d’Orbigny, Cushman,
1946, p. 66, pl. 23, figs. 7–11.
Laevidentalina sp. cf. L. megapolitana (Reuss); Dentalina megapolitana Reuss, 1855, p. 267, pl. 8, fig. 10; Dentalina megalopolitana Reuss,
Cushman, 1946, p. 67, pl. 23, figs. 24–26.
Lenticulina rotulata Lamark; Lenticulina rotulata Lamark, 1804, p. 188; Lenticulina rotulata Lamark, Plummer, 1931, p. 142, pl. 11, fig. 20;
Lenticulina rotulata Lamark, Cushman, 1941, p. 67, pl. 16, fig. 13.
Lenticulina stephensoni (Cushman); Robulus stephensoni Cushman, 1939, p. 90, pl. 16, figs. 2, 3; Robulus stephensoni Cushman, Cushman,
1946, p. 55, pl. 18, figs. 12, 13.
Marginulina austinana Cushman; Marginulina austinana Cushman, 1937, p. 92, pl. 13, figs. 1–4; Marginulina austinana Cushman, Cushman,
1946, p. 59, pl. 20, figs. 5–10.
Planularia dissona (Plummer); Astacolus dissonus Plummer, 1931, p. 145, pl. 11, figs. 17, 18; Planularia dissona (Plummer), Cushman, 1946, p.
57, pl. 19, figs. 11–18.
Planulina correcta (Carsey); Discorbis correcta Carsey, 1926, p. 45, pl. 3, fig. 5; Planulina correcta (Carsey), Cushman, 1946, p. 158, pl. 65,
fig. 1.
Planulina nacatochensis Cushman; Planulina nacatochensis Cushman, 1938, p. 50, pl. 8, fig. 9; Planulina nacatochensis Cushman, Cushman,
1946, p. 158, pl. 65, fig. 2.
Plectina watersi Cushman; Plectina watersi Cushman, 1933, p. 57, pl. 7, fig.1a–d; Plectina watersi Cushman, Cushman, 1946, p. 47, pl. 13, figs.
6–12.
Praebulimina carseyae (Plummer); Buliminella carseyae Plummer, 1931, p. 179, pl. 8, fig. 7; Buliminella carseyae Plummer, Cushman, 1946, p.
119–120, pl. 50, figs. 17–20.
Praebulimina laevis (Beissel); Bulimina laevis Beissel, 1891, p. 66, pl. 12, figs. 39–43; Praebulimina laevis (Beissel), Hart et al., 1989, p. 356, pl.
7.21, figs. 1, 2.
Praebulimina reussi (Morrow); Bulimina reussi Morrow, 1934, p. 195, pl. 29, fig. 12; Bulimina reussi Morrow, Cushman, 1946, p. 120–121, pl.
51, figs. 1–5.
Pulvinella glabrata (Cushman); Pulvinulinella glabrata Cushman, 1938, p. 66, pl. 11, fig. 4; Pulvinulinella glabrata Cushman, Cushman, 1946,
p. 144, pl. 59, fig. 10.
Pulvinella texana (Cushman); Pulvinulinella texana Cushman, 1938, p. 49, pl. 8, fig. 8; Pulvinulinella texana Cushman, Cushman, 1946, p. 143–
144, pl. 59, figs. 8, 9.
Reusella spinulosa (Reuss); Verneuilina spinulosa Reuss, 1850, p. 374, pl. 47, fig. 12a–c.
Valvulineria cretacea (Carsey); Rotalia cretacea Carsey, 1926, p. 48, pl. 5, fig. 1a, b; Valvulineria cretacea (Carsey), Cushman & Todd, 1943, p.
67, pl. 12, fig. 1; Valvulneria cretacea (Carsey), Cushman, 1946, p. 138–139, pl. 57, fig. 8.
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Verneuilina cretosa Cushman; Verneuilina cretosa Cushman, 1933, p. 31, pl. 5, fig. 7a, b; Verneuilina cretosa Cushman, Cushman, 1946, p. 31,
pl. 7, fig. 7.
Taxonomic listing of the benthic foraminifera from Stevns Klint that are discussed in the text.
Cibicidoides succedens (Brotzen); Cibicides succedens Brotzen, 1948, p. 80, pl. 12, figs. 1a–c, 2a–c; Cibicidoides succedens (Brotzen), King,
1989, p. 474, pl. 9.6, figs. 5, 6.
Dorothia pupa (Reuss); Textularia pupa Reuss, 1860, p. 232, pl. 13, figs. 4, 5; Dorothia pupa (Reuss), Swiecicki, 1980, p. 100, pl. 2, figs. 13–15.
Gavelinella denticulata (Marie); Cibicides voltziana (d’Orbigny) var. denticulata Marie, 1941, p. 248, pl. 37, figs. 348, 349; Gavelinella
denticulata (Marie), Swiecicki, 1980, p. 346, pl. 19, figs. 1–3.
Gyroidinoides nitida (Reuss); Rotalina nitida Reuss, 1844, p. 214; Gyroidinoides nitida (Reuss), Swiecicki, 1980, p. 318, pl. 15, figs. 11–13.
Lenticulina muensteri (Roemer); Robulina mu¨nsteri Roemer, p. 48, pl. 22, fig. 29; Robulus mu¨nsteri (Roemer), Cushman, 1932, p. 334, pl. 50,
fig. 2a, b; Lenticulina mu¨nsteri (Roemer), Hart et al., 1989, p. 350, pl. 7.18, fig. 2.
Marssonella trochus (d’Orbigny); Textularia trochus d’Orbigny, 1840, p. 45, pl. 4, figs. 25, 26; Marssonella trochus (d’Orbigny), Swiecicki,
1980, p. 103, pl. 2, figs. 16–19.
Osangularia whitei (Brotzen); Eponides whitei Brotzen, 1936, p. 167, pl. 12, figs. 7,8; Osangularia whitei (Brotzen), Swiecicki, 1980, p. 318, pl.
15, figs. 3, 4.
Tappanina selmensis (Cushman); Bolivinita selmensis Cushman, 1933, p. 58, pl. 7, figs. 3, 4; Bolivinita selmensis Cushman, Cushman, 1946, p.
114–115, pl. 49, figs. 1, 2.
Verneuilina muensteri (Reuss); Textularia triquetra (v. Mu¨nstr.) Reuss, 1845, p. 39, pl. 13, fig. 77; Verneuilina mu¨nsteri (Reuss), Swiecicki,
1980, p. 73, pl. 1, fig. 10.
196 M.B. HART, S.R. SEARLE, S.E. FEIST, A.D. LEIGHTON, G.D. PRICE, C.W. SMART, AND R.J. TWITCHETT
Au
tho
r E
-P
rin
t
Author E-Print 1/3/2012Appendix IV - Papers Produced During PhD
895
M.B. Hart, S.J. Boulton, A.B. Hart and A.D. Leighton
295
FORTESCUE WILLIAM MILLETT (1833 – 1915):
THE MAN AND HIS LEGACY IN SOUTH-WEST ENGLAND
M.B. HART 1, S.J. BOULTON 1, A.B. HART 2 AND A.D. LEIGHTON 1
INTRODUCTION
Fortescue William Millett was born on the 6th (or 20th)
August 1833 in Marazion (near Penzance), Cornwall. The
confusion of his birth date arises from the two dates available
to us: the 6th August is recorded in the International
Genalogical Index while the 20th August is given by Richard
Hodgkinson (2006) in his review of the life and work of Millett.
His father, Fortescue Millett (1811–1852), and his mother Joanna
Teague (1812–1871) were married on the 20th August 1832 and this
may be where the confusion of dates has arisen. Their marriage is
recorded in the Parish Register as having taken place in
Redruth, Cornwall. We also know that Millett had a younger sister,
Josepha H. Millett who was born in 1835 (also in Marazion).
Fortescue Millett (senior) had been christened on the 29th
October 1812 at Saint Hilary in Cornwall, the son of William and
Josepha Millett. We know little of Millett’s background or up-
bringing in Cornwall and, at this early stage in his life, there is
no record of any interest in geology or palaeontology. It is
thought that his father was a Registrar of Births, Marriages and
Deaths in the St Michael’s Mount area of Penzance. On his
father’s death (in 1852) the young Fortescue Millett went to live
with his mother and uncle (John Fortescue Millett) in North
Street, Marazion. John Millett also died in 1852, leaving the
young Fortescue Millett a substantial legacy which he would
inherit “on reaching his majority”.
In 1853, at the age of 20 years (and before receiving his
inheritance), he moved to London and began work as an
“engineer”. We know very little of what happened to him in
London and there appear to be no records of the work he
undertook in the 30 years before his “retirement”. The entry reads
Fortescue W. Millett, age 48, born Marazion,
Manager to hydraulic engineer, Civil Engineer.
sister Josepha H. Millett, age 46, born Marazion
cousin Matilda J. Millett, age 38, born Newlyn
+ visitor and servant
Hart, M.B., Boulton, S.J., Hart, A.B. and Leighton, A.D. 2011. Fortescue William Millett (1833–1915): The man and his legacy in
South-West England. Geoscience in South-West England, 12, 295-303.
Fortescue William Millett (1833-1915) was one of the leading micropalaeontologists of the late 19th Century. His work concentrated
on modern and living foraminifera, some of which were collected from the marine sediments around Cornwall and Devon. He
also studied the marine clays of the St Erth Formation, which contain a distinctive and diverse assemblage of foraminifera and
Ostracoda together with some enigmatic bolboformid-like microfossils. The presence of these Plio-Pleistocene sands and clays
perched on the Palaeozoic basement provides evidence of sea levels significantly higher than the present day.
1 School of Geography, Earth & Environmental Sciences, Plymouth University,
Drake Circus, Plymouth, PL4 8AA, U.K.
2 URS Scott Wilson Ltd, Scott House, Alençon Link, Basingstoke, RG21 7PP, U.K.
(E-mail mhart@plymouth.ac.uk).
Keywords: Fortescue William Millett, foraminifera, St Erth Formation, bolboformid.
The same 1881 Census data for Marazion shows that some of
the Millett family (Robert E. M. Millett, wife Sarah O. Millett and
two servants) were living in Gazebo House, Fore Street,
Marazion. In North Street, Marazion, lived the Curnow Family
(Henry Curnow, mother Elizabeth Curnow, a housekeeper and
a “boarder”). The boarder (listed as having independent
means) was another member of the Millett family (Elizabeth
Millett), although we have not been able to trace her
relationship to the rest of the family. There is a web site
[http://tonymillett.tripod.com/biographies.html] dedicated to
the history of the Millett family which is managed by Tom
Millett in New Zealand. These data certainly show that the
Millett family were still residing in Marazion and it is
unsurprising, therefore, that on retirement Fortescue Millett
might return to that location two years later. It was, however,
during this thirty year residence in London that Fortescue Millett
became recognised as a naturalist and a member of societies
devoted to the study of foraminifera (Figure 1).
MILLETT THE MICROPALAEONTOLOGIST
As indicated earlier, Millett was working in London as an
“engineer” but, at the age of 32 years in 1865, he is recorded as
being a founder member of the Quekett Microscopical Club.
This club declined to use the name “Society” when it was
founded in order to recognise the amateur status of the majority
of its members. Despite that name it remains a registered
charity and a learned society. The club publishes a Bulletin (for
news, articles and reports of meetings) and a well-respected
Journal. This Journal is a highly regarded scientific publication
which is regularly cited in other publications. The club is
named after a famous Victorian surgeon and microscopist, John
Quekett. The Quekett Microscopical Club has a vibrant website
hosted by The Natural History Museum in London.
Membership of the club is now on the basis of personal
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Figure 1. Pictures of Fortsecue William Millett in middle and old age, reproduced with the permission of the Natural History Museum (London).
RESEARCH IN RETIREMENT
On his return to Marazion in 1883, Millett began (or continued)
work on a number of significant projects. He set up his
“laboratory” in a large barn attached to “The Parsonage” and it is
from this location that much of the research described by
Hodgkinson (2006) was undertaken. How he became involved
in these various activities is unknown as, while two were of local
interest in South and West Cornwall, the other research projects
required the provision of material from overseas or important
national collections. Becoming knowledgeable of
micropalaeontology (especially the foraminifera) was not a simple
task as there were few texts available (other than research papers)
and few libraries that could cater for such an interest. Those
studying foraminifera at the time had to create their own, hand-
drawn, catalogue of the species they encountered in their
samples. An example of Millett’s catalogue is shown by
Hodgkinson (2006, figure 2). This figure shows the beautifully
drawn foraminifera, some of which were copied from other
publications. It is interesting to note that some of these taxa,
including the highlighted Bolivina draco (of latest Cretaceous
age), show forms that Millett did not really study, or encounter in
the mostly modern samples that he studied and which are
documented in his publications.
We know that by 1884 Millett was a well-regarded expert on
foraminifera as his contribution to the study of the material
collected by HMS Challenger is acknowledged by Henry
Bowman Brady. It is known that Brady began writing up this
work in 1879, aided by T.R. Jones, W.K. Parker and F.W. Millett
while living in London. Letters between Brady and Millett are in
the collections of the Natural History Museum and were
researched by Robert Wynn Jones while compiling his book on
“The Challenger Foraminifera” (Jones, 1994).
Between 1885 and 1902 Millett published a series of papers
(Millett, 1885, 1886a, b, 1895, 1897, 1898, 1902) on the
foraminifera of the “Pliocene beds of St Erth, Cornwall”. The
material from St Erth is now housed in the collections of the
Natural History Museum in London. The clays of the St Erth
Formation contain a remarkable microfossil assemblage of 100+
species of foraminifera and a diverse fauna of ostracods: see
recommendation, but how the founding members were
appointed or elected is not documented. If Millett’s
membership was the result of a personal recommendation there
is no record of his sponsor.
In 1880 he was elected a Fellow of the Royal Microscopical
Society but, again, there is no record of his sponsor(s). He
seems to have held no office in the society and, as he returned
to Cornwall three years later, he had little chance to take an
active role in the society’s business aside from publishing a
number of research papers in their prestigious Journal. The
society was founded as “The Microscopical Society of London”
in 1839 and was awarded its Royal Charter in 1866. The origin
of the society can be traced back to a meeting of seventeen
“gentlemen” on the 3rd September 1839. Two of those listed in
this founding group are given as Edwin Quekett and Joseph
Jackson Lister. They met “to take into consideration the
propriety of forming a society for the promotion of
microscopical investigation, and for the introduction and
improvement of the microscope as a scientific instrument”
(www.rms.org.uk/About/AboutUs/History.htm). The society
was founded at a time when Lister’s research on lens systems
was changing a philosophical or recreational instrument into
one that would change scientific investigation. Since the mid-
19th Century the society’s membership has developed to
embrace many in mainstream science and the award of
honorary fellowship is much prized (as there are only 65 in
total at any time): a notable Honorary Fellow being HRH Prince
Philip, the Duke of Edinburgh. It may have been contact with
the society and its members that prompted Fortescue Millett to
buy a Stephenson Microscope in 1881, or it may have been that
even at that time he was contemplating a return to Cornwall
and needed a good microscope in order to continue his interest
in the natural world.
The details of the Stephenson Microscope he purchased are
not known but Hogg (1898), in an article about microscopes,
figures (op. cit., figure 45) a Swift-Stephenson’s Erecting
Binocular Microscope very similar to one that features in a
famous portrait of Edward Heron-Allen in his library at “Large
Acres” (Selsey) painted by his good friend Winifred E. B.
Hardman in 1922.
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Wood et al. (2011) for a recent review of the ostracod fauna. At
this time he must have been one of the leading
micropalaeontologists of his day and he was awarded the William
Bolitho Gold Medal by the Royal Cornwall Geological Society,
which was based in nearby Penzance.
MILLETT IN BRIXHAM
In 1901 Millett moved from Marazion to Brixham, taking up
residence in a large house (Eniscoe) on Berry Head Road.
There is no record of why, this distinctive Cornishman should
move suddenly to Devon. There are no records of him having
family in the area and he seems to have lived a rather reclusive
life in the big house, with only his housekeeper for regular
contact. Heron-Allen visited him in Brixham and described the
conditions as being in a state of confusion. From this time it is
clear that Millett’s health was failing and his research
productivity waned. After his death at Eniscoe on the 8th
February 1915, an Obituary (Anon., 1915a) appeared in the
Brixham Western Guardian on the 11th February 1915.
“The Late Mr. F. W. Millett of Brixham
A Notable Scientist
At the ripe old age of 82 years, Mr. Fortescue W. Millett passed
away at his residence, Eniscoe, on the Berry Head Road, during
Sunday night last. His illness was of very short duration. On
Sunday morning, while presumably getting ready for breakfast
he had a seizure and was found in a precarious state by Miss F.
Curtis about 11 o’clock. Dr. G. C. Searle and Dr. R. B.
Thompson were summoned but medical skill proved unavailing.
For some time past the late gentleman had shown appearances
of failing health. He came to Brixham some 14 years ago from
Marazion. He was a fellow of Royal Geological Society
(Cornwall) and a gold medallist.
Deceased collaborated with Mr. F. P. Balkwill, who in 1879
and 1880 collected on the sea-shore at Galway and its vicinity
a quantity of scrapings from the surface sand. On examination
this proved to be very rich in foraminifera, the forms being both
numerous and interesting, and some of them new to the British
fauna. Mr. Millett subjected the whole of the floating from these
scrapings to microscopic investigation and illustrated the species
on four “plate” pages issued in a privately printed book in 1908.
Deceased was engaged in microscopic work from the
exploration voyages of H.M.S. Challenger. All the minute and
rarest species were highly magnified and the world of marine
science is all the richer through his life’s work.
Deceased was an excellent linguist. He could speak 11
different languages and famous scientists of foreign countries
were in his scope of correspondence. No one will ever know the
services he has rendered science, as he was most unostentatious
in his habits, and rarely confided with anyone outside his very
limited circle of friends.
The funeral will take place today (Thursday)”.
This obituary has no name attached and, by its references to
his work, would appear to have been written by someone who
knew him personally (rather than scientifically). In the
following week the following announcement was published on
the 18th February 1915, also in the Brixham Western Guardian.
“The Rev. R.W. Perry Circuitt officiated at the funeral of the late
Fortescue W Millett who was interred at the parish churchyard
on Thursday last. The mourners were: Mr. Vivian Millett of
London – the nephew, Mr. Ratcliffe – solicitor and Misses F.
Curtis and R. Curtis. W.M. Boxer was also at the funeral. The
floral tributes were in loving memory from Flo and Ruby, with
deepest respect from Mr. & Mrs. E. Crowte, and from Mrs. Wills
and Dorothy (Sheffield). Mr. A.G. Hooper was the undertaker”.
While this cannot be guaranteed as a complete inventory of
those attending, it is quite noticeable that there was only one
identifiable relative (nephew) and none of the scientists with
whom he had connections (e.g. Edward Heron-Allen).
Hodgkinson (2006) reports that Heron-Allen paid Millett’s estate
£100 for all of his slides, notes, material and literature which
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were then safely removed to London and are now housed in
the Natural History Museum. Another obituary appeared
(Anon., 1915b) in the Journal of the Quekett Microscopical Club
in April 1915 and it is possible that this was written by Heron-
Allen. Another obituary, written by C. D. Sherborn (1915)
appeared in the Geological Magazine.
MILLETT’S SCIENTIFIC LEGACY
Richard Hodgkinson (2006), in a full account of Millett’s
research, shows how this may have influenced the later work
by Heron-Allen, especially in South West England. On his
return from living in London, Millett worked on the Pliocene
clays of St. Erth (Cornwall) and the foraminifera of the Cornish
and Devon coasts before moving to live in Brixham. This
collection of valuable material, including samples (residues and
slides) from the St Erth Formation is now in the Natural History
Museum. Millett’s (1885) work on the foraminifera of Cornwall
(which was only part-completed) probably inspired Edward
Heron-Allen to work on sediments from South Devon and
Cornwall. This work resulted in a paper on the foraminifera
that was published by the Royal Microscopical Society (Heron-
Allen and Earland, 1916). That work continued and, in 1930,
the same authors published a series of monographs on the
Foraminifera of the Plymouth District (Heron-Allen and
Earland, 1930).
Millett’s work on the St Erth Formation is particularly
important as he was able to collect fresh samples of the marine
clays while the pits were in operation: see Roe et al. (1999) for
a history of the clay workings. It is interesting that when the
pits re-opened in 1881, in order to provide clay for lining the
new dry dock in Penzance, they were described by Nicolas
Whitely as “blue clay” with “heaps of broken shells” in a lecture
to the Royal Cornwall Geological Society in November 1881. In
the subsequent paper, Whitely (1882) was convinced that these
were glacial deposits although Wood (1885) clearly disagreed
with this conclusion. Subsequent publications (Kendall and
Bell, 1886; Bell, 1887a, b, 1887-1888, 1898; Reid, 1890; Johnson,
1903; Milner, 1922; Mitchell, 1960, 1966; Cullingford, 1982)
continued the debate about the age of the formation. Mitchell
was convinced that they were Pleistocene and, in 1973,
published a significant collaborative work on the succession
following a major re-excavation exercise (Mitchell et al., 1973).
This provided a great deal of material which confirmed the
abundance and diversity of the foraminifera that had been
previously described by Millett (1886a, b, 1895, 1897, 1898,
1902). The subsequent works of Milner (1922), Jenkins (1982),
Jenkins et al. (1986, 1989) and Head (1993) were all in favour
of a late Pliocene age for the St Erth Formation. This has, of
course, now been changed to earliest Pleistocene by the
movement of the Pliocene/Pleistocene boundary (Aubry et al.,
2005; Head et al., 2008; Gibbard et al., 2009). There are three
important outcomes of recent work on the St Erth Formation:
the nature of the planktonic assemblage, the diversity and
abundance of foraminifera and Ostracoda, and the implications
for sea level change represented by the location of the marine
clays above the village of St Erth.
PLANKTON FROM THE ST ERTH FORMATION
As well as the relatively rare planktonic foraminifera
described by Jenkins (1982) and the dinoflagellates
monographed by Head (1993), Messenger et al. (2005) describe
the presence of some unusual “bolboformid-like” microfossils.
These were found in samples collected in 2003 by MBH but
have also been found in samples in the Millett Collection in the
Natural History Museum (Figure 2). These do not appear to
have been described by Millett in any of his papers and were
not illustrated by Mitchell et al. (1973). Though having many
features comparable to Bolboforma, an enigmatic group of
microfossils known from marine sediments of mid-Eocene to
mid-Pliocene age (Deflandre, 1948; Murray, 1984, 1986; King,
1983; Spiegler and Von Daniels, 1991; Mackensen and Spiegler,
Appendix IV - Papers Produced During PhD
898
Fortescue William Millett (1833 – 1915)
298
Figure 2. Enigmatic microfossils from the St Erth Formation some of which may be related to the bolboformids. Images 1–6 are similar to
those illustrated by Messenger et al. (2005, figure 6(b, c, e, f)). The pithonellid illustrated by Messenger et al. (2005, figure 6(a)) has not
been found in the samples collected by Millett and provided by the Natural History Museum. The microfossils covered in calcareous
“nodules” (7–9) are probably holothurian sclerites. All scale bars are 20 µm except (8) which is 50 µm.
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1992; Spezzaferri and Rögl, 2004; Crundwell et al., 2005;
Spiegler and Spezzaferri, 2005), their presence in Pleistocene
strata would be problematic.
Similar forms have been found by Leighton et al. (2011,
figure 9[E,F]) in the Fiskeler Member immediately above the
Cretaceous/Paleogene boundary at Stevns Klint (Denmark). In
the Danish samples they are associated with a range of
“disaster” taxa, including a number of pithonellids and
calcareous dinoflagellates (Keupp, 1979a, b; Kohring et al.,
2005). A comparable ecological catastrophe is not known for
the Plio-Pleistocene succession and the occurrence of these
‘spiny’ microfossils is the result of their being a part of the
normal plankton.
FORAMINIFERA AND OSTRACODA FROM THE
ST ERTH FORMATION
The marine clays of the St Erth Formation contain an
abundant and diverse assemblage of foraminifera and
Ostracoda. Millett (1886a, b, 1895, 1897, 1898, 1902) describes
over 100 species of foraminifera and this assemblage was
confirmed by J. P. Margerel using material from excavations in
the 1970s that were reported by Mitchell et al. (1973). In the
same paper (Mitchell et al., 1973) R.C. Whatley noted the
exceptional abundance and diversity of ostracods. Neither
Millett or any of the earlier workers on the St Erth Formation
had commented on the ostracod fauna, while Whatley’s
observations generated considerable interest in the assemblage.
The ostracod fauna has been described and discussed quite
extensively (Whatley and Maybury, 1983; Maybury and
Whatley, 1986, 1988; Wood and Whatley, 1994; Harrison et al.,
2000) and was recently reviewed by Wood et al. (2011). It is
difficult to understand how a limited environmental setting in a
relatively restricted strait between the “Lands End island” and
the “mainland” (Figure 3) could sustain such a diverse
assemblage. While the sea water temperatures were <6ºC
warmer than today, it does not appear to have been excessively
warm. The Redonian Stage (Marine isotope Stage 77) is
reportedly a warm water event (Scourse and Furze, 1999;
Lisiecki and Raymo, 2005) that deposited the clays of the St Erth
Formation and coeval sediments in Brittany and North West
France (Morzadec-Kerfourn, 1997). It would be very interesting
to obtain a more complete, cored section of the St Erth
Formation (as attempted by Messenger et al., 2005) and recover
more of the microfossil assemblages in fresh material.
SEA LEVEL CHANGE
The clays of the St Erth Formation are known from the
quarries that surround the old vicarage that is located east of the
village (Messenger et al., 2005, figure 1). As a result of the
geophysical work undertaken at that time the contact between
the overlying sediments and the Devonian basement was
mapped and the height above sea level located. In “Line 2 –
1999” this would place the base of the Pleistocene (2.0 Ma)
sediments at 16-28 m above Ordnance Datum, although Bristow
(1996) gives an elevation of 30-37 m. Bristow (op. cit., p. 127)
also suggests that the depth of water during the deposition of
the clays of the St Erth Formation was 10 m although this
appears to be rather shallow. There are several lines of
evidence as to the depth of deposition of the succession. (1)
The relatively rare planktonic foraminfera appear to be shallow-
water morphotypes that would normally be associated with
waters <50 m depth. Their rareness would also indicate the
lack of a really open marine environment of any greater depth.
Stable isotope analysis (Jenkins, 1982, p. 103) of the planktonic
foraminifera suggests palaeotemperatures in the range 10-18ºC.
(2) The succession contains fine sands as well as the clays. The
clays contain very little silt and nowhere are there records of
sandy inter-beds. This would imply an environment with
relatively little, if any, sediment input above clay-grade. (3) The
palynological analysis of Head (1993, 1999) indicates a warm,
inner-neritic environment with adjacent vegetation that is
indicative of cool- or mild-temperate with mild winters. Head
(1999) also notes that the succession contains little variation in
the palynology and this is suggestive of only one cycle of
deposition. Head (1999) records that the spore-pollen analyses
of the samples collected by Mitchell et al. (1973) contain
evidence of a range of environments (estuary, salt marsh,
freshwater, soils, woodland, heath and bog). The marine
dinoflagelates are diagnostic of relatively near-shore, warm,
conditions.
With the bedrock below the St Erth Formation at 16-28 m
above O.D. and water depth estimated by the planktic
foraminifera to be a maximum of ~50 m, the sea level could
have been 66-78 m above present day. The spore-pollen
evidence is suggestive of the lower end of this range and so a
figure of ~70 m has been selected for plotting the
palaeogeography and for making comparisons with other
locations.
Using a Digital Elevation Model (DEM) the coastline can be
predicted for a sea level 70 m above present O.D. (Figure 3).
This leaves South West England (mainly Devon and Cornwall)
with a number of un-connected islands adjacent to the main
land area and the probability that early Pleistocene marine
sedimentation was, initially, quite widespread. The
palaeogeography created by raising sea level by ~ 70 m
certainly explains the outliers of the St Erth Formation around,
and to the west of, St Erth village. The present outcrops are
located in an area between the “mainland” and the “Lands End
island”. Land, however, remains relatively close by and capable
of providing the mixed palynological assemblage described by
Head (1993). The other feature of elevated sea levels would be
erosion and South West England has many well-documented
features that are the result of marine(?) erosion during times of
elevated sea level. Everard (1977, figures 13, 14) was able to
identify a number of “benches” at 82, 92, 106, 130, 150 and 160
m above sea level, considering them to be high-level marine
strandlines of late Neogene or early Pleistocene age (cut during
transgression/regression of “Coralline Crag” age). Walsh et al.
(1987, figure 4) identified one such level at 75 m above sea
level (near Navax Point) and another at 131 m above sea level
(near St Agnes Beacon). They used the term Reskajeage
Surface for this feature, but limited the use of the term to west
Cornwall only. The higher, St Agnes Beacon level, is possibly
related to a Miocene surface as the St Agnes outlier (Walsh,
1999) is tentatively dated as Miocene in age. This might leave
the 75 m level as the one related to the St Erth Formation as our
palaeodepth estimation could not resolve between 70 and 75 m
within our overall estimated range of 66–78 m above O.D. In
many areas, e.g. the South Hams around Totnes, Kingsbridge
and Salcombe, there is a prominent plateau level that probably
has “elements” of this 70–75 m surface, although it would be
too simplistic to ascribe it to just that event.
Climate models (e.g. Zachos et al., 2001) predict a “Mid-
Miocene Climatic Optimum” around 14–17 Ma. This would
appear to be the possible cause of the elevated sea levels
required to generate the Miocene sediments on St Agnes
Beacon that are 131 m above O.D. The predicted
palaeogeography by raising sea level by this figure provides an
interesting pattern (Figure 4). The plateaux surfaces of the
Lizard Peninsula, Staddon Heights and Mt Edgecombe near
Plymouth and most of the South Hams are inundated and they
indicate that the landscape features of South West England may
well be attributed to a number of erosional events, including
the mid-Miocene and the earliest Pleistocene highstands.
The 70–75 m and 130–131 m surfaces (and their associated
sea levels) have been influenced by possible uplift of South
West England in the last 2.0 million years. In a recent review,
Westaway (2010) has given figures for the uplift that may have
influenced sea level calculations for both the St Erth Formation
and the St Agnes surface. Westaway (2010) regarded the base
of the St Erth Formation as 28 m above O.D. and the top of the
formation as ~45 m above O.D. If one takes the mid-point as
representative of the clay during deposition this gives 36.5 m
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Figure 3. Earliest Pleistocene palaeogeography of South West England, based on a sea level estimated as being ~ 70 m above O.D. Two
versions of the Digital Elevation Model (DEM; OS Landform Panorma DTM 1:50000; ©Crown Copyright/database right 2011. An ordinance
survey/EDINA supplied service) are presented. The upper map shows the predicted coastline for the earliest Pleistocene while the lower map
gives the same information but brings out the position of the proposed shoreline with greater clarity. As the changes in the mid-Miocene
(Figure 4) are more obvious, only one map is presented.
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onto which a water depth of ~50 m would imply a sea level of
~86 m above O.D., which seems potentially high. With the
evidence of Walsh et al. (1987) pointing to a figure of 75 m
above O.D. then this would appear to be more acceptable.
Westaway (2010 and pers. comm., 2011) claims that uplift
during his Mid-Pleistocene Revolution was ~ 55 m and this
would indicate a sea level for the earliest Pleistocene of 20–31
m above present levels (using the range 75–86 m as the two
extremes). Recent modelling of Plio–Pleistocene sea levels
(Haywood and Valdes, 2004; Raymo et al., 2006, 2009, 2011)
suggest that they were 25–30 m above present day levels with
Maureen Raymo (pers. comm., 2011) favouring ~25 m for the
time of deposition of the St Erth Formation. The range of 25–30
m falls within the, admittedly approximate, range of 20–31 m
that we have calculated for the St Erth Formation (using the
height of the formation, an estimate for the depth of deposition
and the predicted uplift post-deposition).
If the 130 m above O.D. level is the Mid-Miocene Climatic
Optimum, Westaway (2010) would suggest uplift of ~90 m since
that time. This would give a figure of ~40 m above present
levels for the mid-Miocene. As there are no Miocene sediments
in South West England to study, then all we have is the
erosional feature and small outcrop near St Agnes and so this
figure must be taken as little more than an estimate (at best).
While this would need testing elsewhere, the figure does not
seem to be far from what could be reasonable. As reported by
Messenger et al. (2005) the drilling campaign failed to recover
a full succession of the St Erth Formation. Further drilling
should be contemplated, though site location could be
problematic: the area has been extensively quarried and many
of the former pits back-filled with spoil.
Figure 4. Mid-Miocene palaeogeography of South West England, based on a sea level estimated as being ~ 130 m above O.D. (black line).
The DEM (OS Landform Panorma DTM 1:50000; ©Crown Copyright/database right 2011. An ordinance survey/EDINA supplied service)
also shows present sea level (blue line) for reference. Note that the changes in geography caused by the NW–SE “Tertiary” faulting in South
West England (Dearman, 1963; Sanderson and Dearman, 1973) have not been indicated in this map, although the areas in which the
faults are located – in many cases – are submerged by the predicted sea level rise.
SUMMARY
William Fortescue Millett was one of the foremost
micropalaeontologists working in the U.K. towards the end of
the 19th Century. It is clear that his work influenced many of
his peers and, almost certainly, had a great influence on Edward
Heron-Allen and others that continued working on foraminifera
in the 20th Century. It is surprising that, despite the move to
Brixham, he does not appear to have worked on the
foraminifera of Tor Bay. As can be seen in the paper by Sadri
et al. (2011) the sea grass meadows, located within only metres
of his house, contain quite striking assemblages of modern
foraminifera. It is, however, his work on the St Erth Formation
that is important to our understanding of South West England
and the sea level changes that it represents. If we allow for
mid-Pleistocene uplift across South West England we predict a
sea level for the earliest Pleistocene of 20–31 m above present
levels, with the range 25–30 m being more likely. The sea level
in the mid-Miocene is predicted to have been ~40 m above
present levels (again allowing for regional uplift since that
time).
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BRAZOS RIVER, TEXAS:  NEW STRATIGRAPHIC SECTIONS 
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ABSTRACT 
The investigation of new sections of the Cretaceous-Paleogene (K/Pg) transition and basal Paleocene in the Brazos River 
area of Texas provides evidence that the Corsicana Formation sea floor mudstones were significantly eroded by the end-
Cretaceous impact disturbances.  Erosional relief on the 75–100 m deep sea floor is visible in Cottonmouth Creek and the new 
River Bank South section as a series of ridges and erosional troughs.  Trough lows are filled, in places, with mud-matrix mass 
flow deposits containing large blocks of Maastrichtian mudstones and transported concretions.  These are overlain with granu-
lar shelly layers containing spherules and hummocky cross-stratified storm sandstones.  Some of the more positive areas of the 
sea floor remained exposed to shelf waters and were colonized with a thin oyster pavement before burial with mudstones, silt-
stones, and sandstones of the Kincaid Formation.  A return to quiet water conditions during the basal Paleocene is recorded in 
a 3–6 m section of foraminifera-rich sandstones bounded above and below with zones of carbonate and pyrite concretions, best 
seen on the newly described River Bank South section.  The distinctive yellow-weathering claystone exposed in Cottonmouth 
Creek and a new locality (River Bank North), north of the Route 413 bridge, are confirmed as volcanic ashes and dated as latest 
Maastrichtian, thereby removing the necessity for a pre-K/Pg boundary, and pre-extinction, impact event. 
69 
INTRODUCTION 
The Brazos River and its tributaries in the Falls County area 
of Texas (Fig. 1) contain an important series of exposures of the 
Cretaceous-Paleogene (K/Pg) boundary interval that has been 
studied intensively for documentation of events associated with 
the Chicxulub impact disturbance.  Following the recognition of 
the Chicxulub impact crater (Hildebrand et al., 1991) on the Yu-
catan Peninsula (Mexico), the Brazos area developed an interna-
tional profile as an accessible area in which to study the K/Pg 
boundary event.  An extensive literature of nearly 50 publications 
devoted entirely to the Brazos exposures, or including them as an 
important component of a larger study, has appeared since then.  
Features of great interest include the occurrence of an iridium 
anomaly (Ganapathy et al., 1981; Asaro et al., 1982; Rocchia et 
al., 1996; Gertsch et al., 2011), impact ejecta (Smit and Romein, 
1985; Yancey, 1996; Smit et al., 1996; Schulte et al., 2006; 
Yancey and Guillemette, 2008), possible impact-generated tsu-
nami deposits (Bourgeois et al., 1988; Yancey, 1996; Smit et al., 
1996) and biotic recovery from impact disturbance (Gartner and 
Jiang, 1985; Jiang and Gartner, 1986; Hansen et al., 1987, 1993a, 
1993b; Keller, 1989; Harries, 1999).  Reports focused on, or pre-
senting, significant stratigraphic data include Hansen et al. (1984, 
1987), Jiang and Gartner (1986), MacLeod and Keller (1991), 
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Yancey and Davidoff (1991), Yancey (1996), Gale (2006), Keller 
et al. (2004a, 2004b), Schulte et al. (2006), Adatte et al. (2011), 
and Keller and Adatte (2011).  A larger group of publications on 
the record of biotic change and the geochemistry of the deposits 
exists, but it is too large to list here.  However, major controversy 
has arisen over the criteria for the identification of the K/Pg 
boundary, whether it is reasonable to interpret the sedimentary 
deposits at the boundary as the results of tsunami wave distur-
bance and whether the light-colored claystone layers below the 
boundary represent impact ejecta deposits or volcanic ash layers.  
The result of this has been the development of polarized views on 
the interpretation of the K/Pg events in the Brazos succession.  
We present new data that clarify these controversies and bring 
some of the arguments to a well-documented resolution. 
Despite the recent publication of 12 papers (see Keller and 
Adatte, 2011) on the Brazos outcrops and on cores drilled in 
2005 to gather new data, the controversies have been perpetuated 
by publication of data insufficient to test the proposed evidence.  
For example, the dispute over the impact versus volcanic origin 
for the latest Cretaceous claystone layer is easily resolved with 
study of the fabric and mineralogy of contained phenocrysts that 
retain their original composition.  Furthermore, interpretations of 
depositional environments and presence versus absence of expo-
sure are resolvable with careful determination of depositional 
processes controlling sediment deposition through the section.  
This is accomplished with detailed foraminifera-based water 
depth determination available from four sections that have de-
tailed tabulation of lithology and sedimentary structures on an 
outcrop scale.  Concerning the controversy of the K/Pg boundary 
placement, deliberations by the International Commission on 
Stratigraphy have adopted a definitive set of criteria for placing 
the Era boundary (Molina et al., 2006).  According to their defi-
nition, they recognize the near-coincidence of features present in 
the Global Stratigraphic Section and Point (GSSP) in Tunisia and 
other areas distal to the Chicxulub crater, but recognize that the 
abrupt facies changes, concentration of Ni-rich spinels, an irid-
ium anomaly, stable isotope (δ18O and δ13C) excursions and ex-
tinction horizons are stratigraphically separated in areas closer to 
the Chicxulub impact site.  As all these features are related to the 
impact event, the best determination of the boundary is that “all 
the sediments generated by the meteorite impact belong to the 
Danian” Stage of the Paleocene Epoch (Molina et al., 2006,       
p. 270).  In the Brazos River area, therefore, the eroded upper-
most surface of the Corsicana Formation mudstones (top Pum-
merita hantkeninoides Zone should be used as the K/Pg bound-
ary. 
 
NEW SECTIONS IN THE BRAZOS AREA 
Early studies on the Brazos succession focused on three 
riverbank sections (Brazos–1, Brazos–2, and Brazos–3) detailed 
by Hansen et al. (1984) and Jiang and Gartner (1986) and subse-
Figure 1.  Location map of Brazos River area showing all outcrop locations and borehole sites used by the authors, including 
the Darting Minnow Creek (DMC), Cottonmouth Creek (CMC), River Bank North (RBN), River Bank West (RBW) and River Bank 
South (RBS) sections. 
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quent investigations included data from adjacent riverbed expo-
sures and sections at the small waterfalls on Cottonmouth and 
Darting Minnow creeks (Hansen et al., 1987; Bourgeois et al., 
1988; Yancey, 1996; Smit et al., 1996) (Fig. 1).  The Brazos–1, 
Brazos–2 and Brazos–3 sections are now covered by modern 
flood deposits, which necessitated shifting the focus to studies of 
the riverbed and stream sections and to cores drilled adjacent to 
these sites (Fig. 1).  Recently, areas of Brazos riverbank between 
Cottonmouth and Darting Minnow creeks that were previously 
obscured have been cleared of soil and now reveal laterally con-
tinuous exposures of the K/Pg boundary deposits and basal Pa-
leocene strata over a >100 m-long cliff.  These exposures reveal 
great lateral variability in the K/Pg boundary deposits, whereas 
basal Paleocene sediments contain a well-defined succession of 
layers that are traceable over a large area.  The lithostratigraphic 
markers of the basal Paleocene succession described by Yancey 
(1996) are prominent and traceable along the Brazos River and 
along Cottonmouth and Darting Minnow creeks (Figs. 2 and 3).  
The newly described River Bank South (RBS) section was 
logged and sampled in October 2010 and October 2011 when 
river levels were low, exposing strata down to the uppermost 
Maastrichtian mudstones of the Corsicana Formation. 
Concurrent work extended our study to areas north of the Rt. 
413 bridge over the Brazos River, where nearly 15 m of Creta-
ceous strata are exposed in the riverbed and on the banks, extend-
ing upstream to the bend in the river above the bridge.  The River 
Bank West (RBW) and River Bank North (RBN) sections are 
included in our investigations to establish a baseline for deposi-
tional trends before, and during, the time of the proposed K/Pg 
impact disturbance.  The uppermost Maastrichtian strata are 
mostly forminifera-rich dark mudstones with a few sandy layers 
composed of quartzose sand, and two ash-fall layers. 
New research on the K/Pg boundary includes investigation 
of both creek successions from the waterfalls to the confluence 
with the Brazos River and the discovery of a major new exposure 
south of the now covered Brazos–2 section.  This ca.100 m-long 
river-bank section exposes the most complete succession of the 
boundary interval known in the area, and it has remained unde-
scribed since it was exposed by a major flood event ~15 years 
ago.  The lithostratigraphic markers (Lower Calcareous Concre-
tion Horizon [LCH], Middle Sandstone Bed [MSB], Dirty Sand-
stone Bed [DSB], Upper Calcareous Concretion Horizon [UCH], 
Rusty Pyrite Concretion Horizon [RPH] ) of the Paleocene suc-
cession, described by Yancey (1996), are present and traceable 
between the creeks and are prominent along the RBS riverbank 
exposure (Figs. 2 and 3).  The RBS section also provides a refer-
ence for the interpretation of the lower reaches of Darting Min-
now Creek, downstream of the waterfall, where the Cretaceous 
and Paleocene successions are variably exposed in the stream bed 
and adjacent banks. 
 
Uppermost Cretaceous Mudstones 
The mudstones and siltstones of the uppermost Maas-
trichtian (Corsicana Formation) exposed in the Brazos River, 
Darting Minnow Creek and Cottonmouth Creek are part of an 
open marine succession that was deposited in a mid-outer shelf 
environment below storm wave base (75–100 m water depth).  
There is a diverse assemblage of benthic foraminifera (Cushman, 
1946; Hart et al., 2011) with a range of infaunal (mostly elongate, 
uniserial and biserial forms) and epifaunal (mostly biconvex and 
coiled forms) morphotypes:  see Sliter and Baker (1972), Jones 
and Charnock (1985), Koutsoukos and Hart (1990), Jorissen et al. 
(1995), Reolid et al. (2008), and Hart et al. (2011, p. 185) for a 
Figure 2.  (A) Photograph of the RBS section taken from the east bank of the Brazos River.  (B) Interpretive sketch of the RBS 
section identifying key stratigraphic horizons. 
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fuller discussion.  Planktic taxa include some deeper water mor-
photypes (e.g., Globotruncana arca (Plummer), Globotruncana 
esnehensis Nakkady, Globotruncanella havanensis (Voorwijk), 
and Rugoglobigerina rugosa (Plummer)) but not the deepest-
living species (e.g., Abathomphalus mayaroensis (Bolli), and 
Contusotruncana contusa (Cushman)):  see publications of Cush-
man (1946), Plummer (1931), Pessagno (1967), Smith and Pessa-
gno (1973), Keller et al. (2009) and Abramovich et al. (2003, 
2011).  Preservation of all the foraminifera is generally good to 
very good and there is no evidence of sea floor dissolution or 
significant post-burial diagenesis.  Ostracodes are also well-
preserved, though rarely abundant (Maddocks, 1985), except for 
a low diversity flood of ostracode taxa near the top of the Middle 
Sandstone Bed (MSB).  This level of abundance is associated 
with the increased presence of large lenticulinids and elongate 
nodosariid foraminifera.  The calcareous nannofossils (Jiang and 
Gartner, 1986; Tantawy, 2011; Matt Hampton, 2012, pers. 
comm.) and dinoflagellate cysts (Prauss, 2009) present in these 
mudstones also record normal salinities in an open shelf environ-
ment.  Within the dark mudstones, layers with abundant shell 
material (rarely broken) are present, with most bivalves being 
rather thin-shelled although still displaying aragonite preserva-
Figure 3.  Sedimentary log of the RBS succession described in 2011. 
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tion.  Throughout the uppermost Maastrichtian, aragonitic fo-
raminifera (e.g., Epistomina spp.) are also present (Hart et al., 
2011) but rare.   
In all sections, the uppermost Maastrichtian mudstones are 
characterised by the presence of small, rare Pummerita hantkeni-
noides Brönnimann, which is the zonal indicator for the upper-
most Cretaceous.  These forms are, however, much smaller, have 
reduced spines, and are less well-ornamented than those from 
deeper-water environments (Robaszynski et al., 1989; MacLeod 
et al., 2007). 
 
Basal Paleocene Deposits 
Strata above the event deposits contain several lithostrati-
graphic and chemostratigraphic markers that record the return to 
normal open marine conditions with a typical assemblage of fo-
raminifera, ostracods, bivalves and gastropods.  These mud-
stones, siltstones and sandstones are best developed in the south-
ern area of outcrop spanning Cottonmouth and Darting Minnow 
creeks and the banks of the Brazos River (RBS section; see Fig-
ures 2 and 3) where they occur within a 5–6 m section overlain 
by a thin interval of claystones.  
In the southern outcrop area, the event deposit sands are 
locally absent, as previously reported for sections Brazos–2 
(absent) and Brazos–3 (very thin) by Hansen et al. (1984).  This 
relationship is exceptionally well illustrated in the RBS section 
(Fig. 3).  Hummocky cross-stratified sands of the event horizon, 
underlain by a thin lag of spherule-bearing sand, rests on the dark 
grey mudstones of the Maastrichtian that form the base of the 
section near river level.  The outstanding aspect of this exposure 
is that the event deposit sand layers are inclined and pinch out in 
a downriver direction by thinning from the base of the event de-
posit (Fig. 4E).  Whereas the Paleocene units are essentially flat-
lying and continuous, the event deposit is inclined as a result of 
being draped over a ‘positive’ feature at the top of the Maas-
trichtian mudstones.  This thickness variation in the lowermost 
Paleocene sediments is confined to the mudstones below the 
LCH horizon (Fig. 4E–4G).  At the top of the positive feature, 
the Maastrichtian/Paleocene interface is marked by a thin bivalve 
shell pavement of juvenile oysters (Fig. 4B).  At this point in the 
section, mid-outer shelf Maastrichtian mudstones are directly 
overlain by mid-outer shelf Paleocene mudstones with only a 
shell pavement at the boundary.  This feature has never been 
reported previously in the Brazos River area. 
The Paleocene mudstones, siltstones and sandstones in the 
RBS, RB4, RB5, and Cottonmouth Creek sections contain abun-
dant well-preserved foraminifera.  The planktic assemblage is 
dominated by re-worked Cretaceous taxa that provide no envi-
ronmental information other than the need for a source.  Upsec-
tion Paleocene taxa gradually appear though the majority are 
small in size (<125μm) and limited to globular (e.g., Eoglobig-
erina eobulloides [Morozova], and Globoconusa daubjergensis 
[Brönnimann]) or biserial (e.g., Woodringina claytonensis Loe-
blich and Tappan) morphotypes.  These provide little environ-
mental information as they are simply re-colonizing the niches 
vacated by end-Cretaceous extinctions.  Use of the plank-
tic:benthic ratio for determination of water depth is also inappro-
priate in a post-extinction setting where the numbers of planktic 
foraminifera are a response to recovery rather than bathymetry.  
The benthic foraminifera are, however, exceptionally diverse and 
well-preserved.  There is a range of morphotypes present, includ-
ing both epifaunal and infaunal taxa.  Of particular significance 
are some very large forms (first noted by Plummer, 1926) that 
include epifaunal lenticulinids (<1 cm diameter) and infaunal, 
uniserial nodosariids (<1 cm long).  The composition of the as-
semblage, and the presence of the delicate, long nodosariids (e.g., 
Nodosaria affinis Reuss, and Vaginulina cretacea Plummer) are 
all indicative of deposition below normal storm wave base in a 
mid–outer shelf environment (75–100 m water depth).  All the 
micropaleontological data are being prepared for publication in a 
subject-specific journal. 
The lithostratigraphic beds identified by Yancey (1996) 
along Cottonmouth Creek are increasingly well developed to the 
south of the area shown in Figure 1.  The most prominent unit is 
a coarse-grained, condensed sandstone containing calcitic shells 
(mostly small pycnodonteinid bivalves) as well as molds of ara-
gonitic shells and phosphatic steinkerns set in a matrix of abun-
dant foraminifera and clay mud and a small amount of quartzose 
sand (<1%).  The presence of a concentration of steinkerns and 
small phosphatic concretions in sediments with common Tha-
lassinoides burrows indicates accumulation as a condensed de-
posit in a transgressive systems tract, as suggested by Hansen et 
al. (1993b).  This unit is semi-lithified at the top and bottom and 
less lithified in the middle, resulting in locally occurring ero-
sional profiles of upper and lower ledges.  Calcareous horizons 
containing common carbonate concretions embedded in clay-
stones occur a short distance above and below the sands of the 
condensed section.  Along the Brazos River bank and Darting 
Minnow Creek these horizons locally produce ledges of large 
concretions, commonly showing abundant Thalassinoides bur-
rows.  The finer grained sediments encasing the carbonate con-
cretions also contain many small pyrite concretions, a relation-
ship best seen in strata beside section CM4 and along the lower 
reaches of Darting Minnow Creek.  Overlying the interval with 
the lower calcareous horizon (LCH) and condensed sands (MSB) 
and upper calcareous horizon (UCH) is a horizon with large py-
rite concretions (RPH).  These are mostly weathered to iron ox-
ides and the horizon is best seen in the lower reaches of Cotton-
mouth Creek, near the river.   
Above the event bed and shell pavement in the RBS section, 
the Paleocene succession is beautifully exposed in a 5–6 m sec-
tion (Fig. 4D).  The lower calcareous concretion horizon (LCH) 
forms a distinct marker that is unaffected by the undulating to-
pography of the uppermost Maastrichtian mudstones and bound-
ary complex and serves as an ideal datum within the section.  The 
base of the condensed sand unit (MSB of Yancey, 1996) is the 
most prominent unit, separated from LCH by 0.4 m of grey mud-
stones.  The condensed interval consists of a 30 cm-thick lower 
zone containing calcitic shells, and phosphatic steinkerns, and 
Thalassinoides burrows.  This is overlain by 45 cm of finer-
grained sediment with commonly abundant shell material, small 
burrows and large-sized benthic foraminifera that are visible in 
the field:  a feature also noted by Plummer (1926).  The top of 
the condensed section consists of 25 cm of massive, well-
consolidated fine grained foraminifera-rich sands with phosphatic 
steinkerns and small  pycnodonteinid bivalves. 
Approximately 30 cm of laminated, silty sediment contain-
ing sporadic shell material occurs  above the condensed section 
and is overlain by a thick calcareous concretion horizon with 
large, cemented Thalassinoides burrows.  This is a prominent 
marker that is part of the ‘Upper Calcareous Horizon’ (UCH) of 
Yancey (1996).  A horizon of oxidised pyrite nodules (RPH) 
occurs 20 cm above the UCH horizon. 
Above the concretion level is ~1 m of dark gray, massive 
siltstones with rare shell fragments and small burrows.  Also 
within this bed are numerous weathered pyrite concretions, 
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probably the remnants of larger burrows that have been infilled 
with pyrite and fine-grained sediment.  The remaining ~90 cm to 
the top of the RBS section consists of finely laminated black 
claystones that contain abundant shell fragments, rare small bi-
valves and some pyrite concretions.  The Paleocene succession is 
overlain by pink-colored terrestrial sediments of Pleistocene age 
(Fig. 2). 
 
Erosion and Sea Floor Topography                            
at the Base of the ‘Event Deposit’ 
The exposure of the K/Pg contact in the RBS section shows 
an erosional relief of 0.5–1.0 m in that area (Fig. 4E).  The sea-
floor feature was of sufficient relief to avoid being covered with 
the spherule-rich bed and the HCS sands that are recorded over 
most of the area.  The event deposit sandstones are an upward-
fining set of deposits that thin by progressive loss from the base 
upward, indicating that the lower, coarser sands were never de-
posited on the high and that thinning is not related to later re-
moval by erosion (see Gale, 2006, his Figure 5).  Erosion occur-
ring prior to the HCS sand deposition removed all of the uncon-
solidated sea floor sediments and exposed cohesive muds resis-
tant to wave action.  This removal is related to erosion immedi-
ately prior to a time of mass-flow transport on the sea floor.  
Similar views of sea floor topography have been seen in sections 
DMC1, Brazos–1 and RB4, but continuing modern erosion and 
deposition of fluvial deposits has removed or covered most of 
these locales.  
Another example of erosional relief on Cretaceous mud-
stones can be observed along Cottonmouth Creek between sec-
tions CM1 and CM4 (Fig. 1), where the event beds disappear 
from the succession against an erosional high of Maastrichtian 
mudstone (Figs. 4H, 4I, 4J, and 4K).  At this location the LCH 
concretion horizon occurs directly above the K/Pg contact.  Be-
cause of the confines of the creek we were unable to excavate 
this boundary and determine whether the shell pavement, de-
scribed in the RBS section, is present.  The Mullinax–2 and 
Mullinax–3 boreholes were placed near the Darting Minnow 
Creek exposure of the K/Pg boundary with the anticipation that 
the event bed would be recovered.  The Mullinax–3 core (Adatte 
et al., 2011, their Figures 17, 29, and 31) recorded a hiatus be-
tween Maastrichtian mudstones and Paleocene siltstones, as we 
have described in the RBS section and in Cottonmouth Creek but 
that, at that time (2005), had not been described in the field.  The 
Mullinax–3 site was also affected by Pleistocene weathering 
(including rootlets and neptunian dykes) that were, unfortunately, 
interpreted as a K/Pg paleosol (Adatte et al., 2011, their Figure 
17). 
A similar example of erosional relief on Cretaceous seafloor 
mudstones associated with the Chicxulub impact is presented in 
Olsson and Liu (1993) and Olsson et al. (1996) at the Millers 
Ferry excavation site in Alabama.  Erosional low areas at the site 
contain a bed of sand matrix containing large blocks of chalk 
derived from the underlying chalk beds (Prairie Bluff Forma-
tion).  The sandstones pinch out against the underlying chalk 
highs, revealing local erosional relief of at least 1 m (Olsson et 
al., 1996, p. 272).  The eroded surface contains scour features 
oriented in an offshore direction (N–S), comparable to the off-
shore-directed (NW–SE) erosional features that are reported from 
the small number of Brazos River sites in Texas where these 
features have been observed. 
 
INTERPRETATION AND DISCUSSION 
The newly described RBS section has allowed a re-
interpretation of both the Darting Minnow Creek and Cotton-
mouth Creek successions.  This new look at the K/Pg boundary 
debate was also assisted by access to the three Mullinax cores.  
There are a number of questions that arise as a result of our in-
vestigations.  These include the presence of volcanic-derived 
claystones in the succession, and the effects of impact distur-
bance at the K/Pg boundary. 
 
Light-Colored Volcanic Claystone Layers 
A thin (0.2–5.0 cm thick) layer (Figs. 5A and 5B) of light-
colored claystone embedded within the dark gray Cretaceous 
mudstones exposed below the waterfall in Cottonmouth Creek is 
the subject of controversy as Keller et al. (2007, 2008) and Keller 
(2008) proposed that the layer records the Chicxulub impact (the 
“original Chicxulub impact spherule layer” [Keller et al. 2008,   
p. 164]) and that the overlying coarse-grained, spherule-bearing 
deposits are the products of later reworking of impact ejecta.  
Schulte et al. (2008, 2010) disputed this interpretation, noting 
that other workers had identified the layer as a bentonite and that 
the features mentioned in support of impact ejecta origin are in-
conclusive.  Despite the strong rebuttal by Schulte et al. (2008), 
Adatte et al. (2011) invoked the same interpretation without pre-
Figure 5.  The volcanic-derived clay layer in Cottonmouth Creek, just below the waterfall.  (A) Close-up view of the of the vol-
canic clay bed.  Ruler is 30 cm long.  (B) General view of the volcanic clay bed with the event bed to the right, though slightly 
displaced by a small fault. 
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Figure 6.  Mineralogy of the volcanic-derived clay layer.  (A) Photomicrograph of volcanic ash (section CM1, Cottonmouth 
Creek), showing gray smectite groundmass with angular white inclusions of potassium feldspar, altered feldspar, and biotite.  
Quartz and zircon are present but not visible.  Scale bar is 1 mm long.  (B) Photomicrograph of volcanic ash (section RBN, Bra-
zos River east bank), showing gray smectite groundmass with angular white inclusions of potassium feldspar and biotite.  Scale 
bar is 1 mm long.  (C) Backscattered electron image of subhedral potassium feldspar phenocryst with exsolution lamellae in 
volcanic ash (section CM1, Cottonmouth Creek).  Scale bar is 10 μm long.  (D) Photomicrograph of euhedral zircon phenocrysts 
(section CM1, Cottonmouth Creek).  Scale bar is 100 μm long (photograph courtesy of Brent Miller).  
senting new supporting evidence.  More detailed study of the 
Cottonmouth Creek claystone layer and the discovery of a simi-
lar, well-defined claystone layer in the RBN section in 2010 pro-
vide the opportunity to test the concept of impact spherule com-
position versus that of volcanic ash.   
The Cottonmouth Creek claystone layer, denoted as the 
‘yellow clay’ in many discussions (see Keller et al. [2004a, 
2004b], and Adatte et al. [2011] and references therein), is gray-
white in fresh exposure or mottled where bioturbated, with many 
small burrows filled with dark mud from the surrounding sedi-
ment.  The yellow coloration is an iron oxide stain on weathered 
surfaces that also contain abundant gypsum crystals.  The clay-
stone layer is laterally persistent over a 100 m outcrop in Cotton-
mouth Creek, but it has not been recorded elsewhere in the out-
crop or in cores.  The claystone is smectite in composition and 
contains common, angular, white crystals (Figs. 6A and 6B) with 
high potassium content set in a light gray-white ground mass.  
These crystals are phenocysts of partly altered potassium feldspar 
30–50 μm in size (Fig. 6C).  Other phenocrysts include rare 
quartz crystals of the same size, brown and white mica flakes 
<250 μm diameter and euhedral zircon crystals (Fig. 6D).  Zir-
cons and biotite recovered from the claystone show no sign of 
shock deformation and SEM images of the biotites show ten-
sional fracture features with no evidence of shock-induced kinks 
(cf. Schneider, 1972) expected from compression.  
Blocks of the claystone layer were examined in the micro-
probe laboratory of the Department of Geology & Geophysics at 
Texas A&M University to obtain additional data.  EDS spectral 
maps show that elevated potassium occurs in conjunction with 
white, altered potassium feldspar crystals in the claystone, not in 
the general groundmass of smectite clay.  Moreover the claystone 
layer contains euhedral feldspar phenocrysts and zircon crystals 
indicative of a magmatic origin.  No ejecta spherules have been 
seen in the clean, well-prepared samples.  In overall appearance, 
phenocryst content and lack of identifiable ejecta particles, this 
clay layer resembles many examples of airfall ash deposits.  Pre-
liminary U-Pb data from nine single-grain zircon analyses, all of 
which are indicative of a latest Cretaceous age, include three that 
are within error of 65.95 ± 0.04 Ma (Kuiper et al., 2008, includ-
ing online supplement).  This confirmation of a volcanic-derived 
claystone in the uppermost Maastrichtian succession removes the 
interpretation of an earlier deposition of impact ejecta in the Bra-
zos sections.  
 A second volcanic ash bed has been located in the upper-
most Maastrichtian strata in section RBN, at a level ~10 m below 
the event deposit.  This, potentially older claystone layer, has 
sharp upper and lower boundaries and is a consistent 3 mm thick-
ness across the area of exposure.  Regular high water flow in the 
river has kept the riverbank cleared of soil cover and the sur-
rounding mudstones are unweathered.  Excavation ~30 cm into 
the riverbank exposed fresh samples that yield a zircon 
phenocryst assemblage similar to that in the Cottonmouth Creek 
clay layer, revealing that the deposit contains a dominance of 
euhedral magmatic zircon phenocrysts.  The similarity of the two 
layers and presence of magmatic phenocrysts is convincing evi-
dence of an origin as a bentonite.  
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The yellow-weathering bentonites seen in the outcrop have 
not been recorded in any of the Mullinax cores (Adatte et al., 
2011) and were not visible in the cores when they were first 
drilled and photographed.  However, close inspection of the cores 
in 2011, has shown the presence of a small number of possible, 
thin (0.5–3.0 cm), bentonites, all of which are presently under 
investigation.   
Although there are no previous records known to us of ben-
tonites in the Maastrichtian-Paleocene succession of central 
Texas, such horizons are well known in many areas of the West-
ern Interior of the USA (Ryer et al., 1980; Elder, 1988; Kowallis 
et al., 1995; Fassett, 2000, 2009; Fassett et al., 2010).  In a recent 
presentation, Sauvage et al. (2010) described the successions in 
the Denver Basin, including the presence of a prominent ben-
tonite horizon (dated at 66.08 ± 0.02 Ma) just below the δ13C 
isotope excursion at the K/Pg boundary.  Given the compelling 
evidence for the volcanic origin of the yellow-weathering clay-
stones in the Cottonmouth Creek and the RBN sections, the input 
of volcanic ash must be regarded as a normal part of the Maas-
trichtian to Paleocene sedimentation history of the area.  
 
The Effects of Impact Disturbance 
If the yellow claystone layer of Keller et al. (2007) is a ben-
tonite, then the overlying event beds almost certainly rest on a 
surface coeval with the proposed Chicxulub impact and tsunami.  
The relationships described in the RBS and Cottonmouth Creek 
sections (Fig. 4E and 4H) indicate the presence of an erosional 
surface with <1 m amplitude that is overlain, in places, by a  
mass-flow deposit (Yancey, 1996, his Figures 5, 6, and 16).  Fol-
lowing the original tsunami interpretation (Bourgeois et al., 
1988) many workers have followed this model, although Gale 
(2006), Shanmugan (2006), and Dawson and Stewart (2007) have 
discussed the tempestite (= storms) versus tsunamite problem.  
Day and Maslin (2005) have also claimed that the shallow-water 
site at Chicxulub may not have generated a full-sized tsunami.  
Shanmugan (2006, his Figure 1) has suggested that, crossing the 
shelf of the Gulf Coastal area, the K/Pg tsunami would have de-
creased in velocity (from an initial ~180 m/sec), causing the 
wave height to rise.  There would be no deposition at this stage, 
as this could only occur during the back-flow stage (Shanmugan, 
2011).   
Evidence from the 2004 Indian Ocean tsunami suggests that 
the tsunami waves (and reflected waves) would be over in a few 
(2–5) hours (G. Shapiro, 2012, pers. comm.), forming only the 
erosion surface and, potentially, some debris flows.  Above the 
un-graded spherule-rich bed, which also contains abundant shell 
debris, bone fragments, and ichthyoliths, the sandstones and silt-
stones of the event bed display evidence (bioturbation, infaunal 
colonization) of deposition over a considerable period of time.  
The event bed cannot, therefore, have been deposited in the few 
hours represented by the tsunami and point to a series of ex-
tended storm events.  This also appears to be the case in the Gulf 
Coast area of Mexico (Smit et al., 1996; Ekdale and Stinnesbeck, 
1998).   
The erosional boundary at the base of the event deposits is 
not in doubt:  see Yancey (1996), Gale (2006), Bralower et al. 
(2010) and Hart et al. (2011).  Gale suggests erosion in the form 
of discrete channels, but this is questioned in an area of open 
shelf that, despite the latest Maastrichtian shallowing recorded in 
other areas (Hart et al., 2005), may still have been 75–100 m 
deep.  The interpretation of the RBS section, with its K/Pg 
boundary shell pavement, also casts doubt on the recent sugges-
tion of a period of subaerial exposure (Adatte et al., 2011) at that 
time.  The bioturbation (e.g., Savdra, 1993; Gale, 2000), coloni-
zation by bivalves, scaphopods, etc., and nature of the mudstone 
inter-beds, storm-induced hummocky cross-stratification capped 
by sets of ripple marks (some of which indicate west to east sedi-
ment movement) all point to a series of storm events interspersed 
by quiescence (Fig. 7).  This sequence of events would have en-
sured that sediments (and their enclosed microfossils) were con-
tinually being re-suspended and re-deposited during the earliest 
Paleocene.  When these events ended, sedimentation of the silt-
stones and mudstones of the Paleocene resumed with no further 
evidence of significant reworking of the sediment succession.  
The sandstones, lines of scattered nodules and cemented Thalass-
inoides burrow systems are all indicative of an in-situ succession 
with a diagnostic assemblage of foraminifera (including some 
large-sized individuals), ostracodes, bivalves and gastropods. 
We can conclude, therefore, that our re-interpretation of the 
existing sections and the new data provided by the RBS succes-
sion allow us to demonstrate that the latest Maastrichtian shelf 
Figure 7.  The event bed at the waterfall in Darting Minnow 
Creek.  The irregular contact between the spherule-rich base 
of the event bed and the underlying Maastrichtian mudstones 
can be seen low in the photograph (indicated by red dashed 
line).  Several HCS sandstone units are present above and 
below the ruler (30 cm long), and a relatively thick (~30 cm) 
siltstone bed that contains bivalves, gastropods, scaphopods 
and large uniserial foraminifera is located immediately behind 
the ruler.  The HCS sands are slightly inclined in an up-creek 
direction and capped by a ripple-marked surface.  
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sediments of the Corsicana Formation suffered disturbance close 
to the time of the Chicxulub impact event.  The mixed assem-
blage of foraminifera above the erosion surface and the lack of a 
large iridium peak all point to a period of re-working and re-
sedimentation.  The majority of the event deposit consists of 
mixed seafloor sediment, impact ejecta and shallow water sands 
reworked and winnowed by deep-reaching waves.  This is dis-
similar to the graded air-fall, spherule-rich, sediments seen in 
places like the Demerara Rise (Erbacher et al., 2004; MacLeod et 
al., 2007; Schulte et al., 2009).  
 
CONCLUSIONS 
Fieldwork in the Brazos River area, Falls County, Texas, has 
identified a number of new sections that provide critical new 
information on the K/Pg boundary.  With the identification of 
two bentonites in the uppermost Maastrichtian mudstones of the 
Brazos area, including the claystone previously identified as evi-
dence of an impact event, the K/Pg boundary successions in the 
Brazos area can be re-interpreted as a series of sedimentary 
events caused by both a short-lived tsunami event and a series of 
subsequent storm events.  The boundary complex is overlain by a 
Paleocene succession that contains an abundant and diverse as-
semblage of benthic foraminifera and a gradually increasing as-
semblage of post-extinction planktic foraminifera.  The micro-
paleontological data (planktic and benthic foraminifera, ostra-
codes, calcareous nannofossils, and dinocysts) support all our 
paleoenvironmental  interpretations and also provide a robust 
biostratigraphy of the boundary interval.  These data strongly 
suggest that the microfossil extinction events are synchronous 
with a single impact event. 
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 Appendix V – Associated Studies and Professional Development 
APPENDIX V – ASSOCIATED STUDIES AND PROFESSIONAL 
DEVELOPMENT 
 
10.1. Professional Membership 
 2009 – present The Palaeontological Association. 
 2008 – present The Micropalaeontological Society. 
 2010 – present The Geological Society of America. 
 
10.2. Conferences Attended 
 November 2009 – The Micropalaeontological Society Annual General Meeting, 
London, UK. 
 September 2010 – The 4th International Symposium on Foraminifera, Bonn, 
Germany. 
 October/November 2010 – The Geological Society of America 2010 Annual 
Meeting, Denver, USA. 
 November 2010 – 1st CRES Postgraduate Conference, Plymouth. 
 November 2011 – 2nd CRES Postgraduate Conference, Plymouth. 
 December 2011 – The 55th Annual Palaeontological Association Annual 
Meeting, Plymouth, UK. 
 November 2012 – 3rd CRES Postgraduate Conference, Plymouth. 
 
10.3. Presentations 
 November 2009 – Department Research Seminar, Plymouth. 
“The Micropalaeontology of Cretaceous – Palaeogene boundary sections in 
Texas and Denmark” (Presentation). 
 December 2009 – Palaeontology and Palaeoenvironments Discussion Group 4th 
Meeting, Plymouth. 
“The Micropalaeontology of Cretaceous – Palaeogene boundary sections in 
Texas and Denmark” (Presentation). 
 September 2010 – The 4th International Symposium on Foraminifera, Bonn, 
Germany. 
“Benthic foraminiferal change across the Cretaceous – Paleogene boundary at 
Brazos River, Texas” (Poster). 
 October/November 2010 – The Geological Society of America 2010 Annual 
Meeting, Denver, USA. 
“Benthic foraminiferal change across the Cretaceous – Paleogene boundary at 
Brazos River, Texas” (Poster). 
“Calcareous dinoflagellate cysts from the expanded K/Pg boundary section at 
Kulstirenden, Stevns Klint, Denmark” (Poster). 
 November 2010 – 1st CRES Postgraduate Conference, Plymouth. 
“Benthic foraminiferal change across the Cretaceous – Paleogene boundary at 
Brazos River, Texas” (Presentation). 
 December 2011 – 55th Annual Meeting of the Palaeontological Association, 
Plymouth. 
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“Benthic foraminiferal change across the Cretaceous – Paleogene boundary at 
Brazos River, Texas” (Presentation). 
 June 2012 – Departmental Seminar, Plymouth. 
“Depositional History and Benthic foraminiferal change across the Cretaceous 
– Paleogene boundary at Brazos River, Texas” (Presentation). 
 
10.4. Conferences Organised 
November 2010 1
st
 CRES Postgraduate Conference, Plymouth (co-organiser) 
November 2011 2
nd
 CRES Postgraduate Conference, Plymouth (co-organiser) 
 
10.5. Peer Reviewed Publications 
Leighton, A. D., Hart, M. B. and Smart, C. W. 2011. A preliminary investigation into 
Calcareous dinoflagellate cysts and problematic microfossils from an expanded 
Cretaceous/Paleogene boundary section at Kulstirenden, Stevns Klint, 
Denmark. Cretaceous Research, 32, 606 – 617. 
Hart, M.B., Boulton, S.J., Hart, A.B. and Leighton, A.D. 2011. Fortescue William 
Millett (1833–1915): The man and his legacy in South-West England. 
Geoscience in South-West England, 12, 295 – 303. 
 
Hart, M. B., Searle, S. R., Feist, S. E., Leighton, A. D., Price, G. D., Smart, C. W. and 
Twitchett, R. J. 2011. The distribution of benthic foraminifera across the 
Cretaceous-Paleogene boundary in Texas (Brazos River) and Denmark (Stevns 
Klint), in: G. Keller and T. Adatte (eds). The end-Cretaceous mass extinction 
and the Chicxulub impact in Texas: Society of Economic Mineralogists and 
Paleontologists Special Publication 100, Tulsa, Oklahoma, p. 179–196. 
 
Hart, M. B., Yancey, T. E., Leighton, A. D., Miller, B., Liu, C., Smart, C. W. and 
Twitchett, R. J. 2012. The Cretaceous-Paleogene Boundary on the Brazos 
River, Texas: New stratigraphic sections and revised interpretations. Gulf 
Coast Association of Geological Societies, 1, 69 – 80. 
 
10.6. Awards for Funding 
The Micropalaeontological Society Student Award, 2010, in Memory of Brian O’Neil 
The Micropalaeontological Society Student Grant-in-Aid (£200 towards attendance at 
Forams 2010 in Bonn, Germany) 
 
10.7. Courses Completed 
 November 2009 – ENV5101 – Laboratory Based Teaching Methods and 
Practice 
 June 2010 – Skills Development Activities – Transfer Report: Introduction to 
the Transfer Process 
 July 2010 – Skills Development Activities – Take to the Trees  
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